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Description 

Background of the Invention 

s [0001] The field of the invention is tissue repair and volume reduction, for example, lung repair and volume reduction. 
[0002] End stage emphysema can be treated with lung volume reduction surgery (LVRS) (see, e.g., Cooper eta!., 
J. Thorac. Cardiovasc. Surg. 109 :106-116, 1995). While it may seem counter-intuitive that respiratory function would 
be improved by removing part of the lung, excising over-distended tissue (as seen in patients with heterogeneous 
emphysema) allows adjacent regions of the lung that are more nomnal to expand. In turn, this expansion allows for 
10 improved recoil and gas exchange. Even patients with homogeneous emphysema benefit from LVRS because resec- 
tion of abnormai iung results in overall reduction In lung volumes, an increase in elastic recoil pressures, and a shift 
in the static compliance curve towards normal (Hoppin, Am. J. Resp. Crit, Care Med, 155 :520-525, 1997). 
[0003] While many patients who have undergone LVRS experience significant improvement (Cooper etal.,J, Thorac. 
Cardiovasc. Surg. 112 :1319-1329, 1996), they have assumed substantial risk. LVRS is carried out by surgically remov- 
es ing a portion of the diseased lung, which has been accessed either by inserting a thoracoscope through the chest wall 
or by a more radical incision along the sternum (Katloff etal., Chest 110 :1 399-1 406, 1996). Thus, gaining access to 
the lung Is traumatic, and the subsequent procedures, which can include stapling the fragile lung tissue, can cause 
serious post-operative complications. 

Summary of the invention 

[0004] The invention features devices, and compositions for repairing tissue and for achieving non-surgical tissue 
(e.g., lung) volume reduction. The methods are carried out on lung tissue using a bronchoscope. This method com- 
pletely eliminates the need for surgery because It allows the tissue reduction procedure to be performed through the 
25 patient's trachea and smaller airways. In this approach, bronchoscopic lung volume reduction (BLVR) is performed by 
collapsing a region of the lung, adhering one portion of the collapsed region to another, and promoting fibrosis in or 
around the adherent tissue. The composition used to achieve iung collapse may be, but is not necessarily, the same 
as that used to fomn adhesions within the tissue. Preferred embodiments may include one or more of the following 
features. 

30 [0005] There are numerous ways to induce lung collapse. For example, a material that increases the surface tension 
of fluids lining the alveoli (i.e., a material that can act as an a nti -surfactant) can be introduced through the bronchoscope 
(preferably, through a catheter lying within the bronchoscope). The material can include fibrinogen, fibrin, or biologically 
active fragments thereof. Lung collapse can also be induced by blocking air flow into and out of the region of the iung 
that Is targeted for collapse. This is achieved by inserting a balloon catheter through the bronchoscope and inflating 

35 the balloon so that it occludes the bronchus or bronchiole into which it has been placed. Prior to inducing iung collapse, 
the lung can be filled with oxygen so that retained gas can be absorbed into the blood. 

[0006] Similarly, there are numerous ways to promote adhesion between one portion of the collapsed lung and an- 
other. If fibrinogen is selected as the anti-surfactant, adhesion is promoted by exposing the fibrinogen to a fibrinogen 
activator, such as thrombin, which cleaves fibrinogen and polymerizes the resulting fibrin. Other substances, including 
40 thrombin receptor agonists and batroxobin, can also be used to activate fibrinogen. If fibrin is selected as the anti- 
surfactant, no additional substance or compound need be administered; fibrin can polymerize spontaneously, thereby 
adhering one portion of the collapsed tissue to another. 

[0007] Fibrosis is promoted by providing one or more polypeptide growth factors together with one or more of the 
anti-surfactant or activator substances described above. The growth factors can be selected from the fibroblast growth 
45 factor (FGF) family or can be transforming growth factor beta-like (TGFp-like) polypeptides. 

[0008] The compositions described above can also contain one or more antibiotics to help prevent infection. Alter- 
natively, or in addition, antibiotics can be administered via other routes [e.g., they may be administered orally or intra- 
muscularly). 

[0009] Other aspects of the invention include the compositions described above for promoting collapse and/or ad- 
50 hesion, as well as devices for introducing the composition Into the body. For example, in one aspect, the invention 
features physiologically acceptable compositions that include a polypeptide growth factor or a biologically active frag- 
ment thereof (e.g., a platelet-derived growth factor, a fibroblast growth factor (FGF), or a transfomriing growth factor- 
P-like polypeptide) and fibrinogen, or a fibrin monomer (e.g., a fibrin I monomer, a fibrin II monomer, a des BB fibrin 
monomer, or any mixture or combination thereof), or a fibrinogen activator (e.g., thrombin). The fibrinogen, fibrin mon- 
55 omers, and fibrinogen activators useful in BLVR can be biologically active mutants (e.g., fragments) of these polypep- 
tides. 

[0010] In another aspect, the Invention features devices for performing non-surglcat lung volume reduction. For ex- 
ample, the invention features a device that includes a bronchoscope having a working channel and a catheter that can 
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be inserted into the working channel. The catheter can contain multiple lumens and can include an inflatable balloon. 
Another device for performing lung volume reduction includes a catheter having a plurality of lumens (e.p., two or more) 
and a container for material having a plurality of chambers (e.g., two or more), the chambers of the container being 
connectable to the lumens of the catheter. These devices can also Include an injector to facilitate movement of material 

5 from the container to the catheter. 

[0011] BLVR has several advantages over standard surgical lung volume reduction (LVRS). BLVR should reduce 
the morbidity and mortality known to be associated with LVRS (Swanson ef a/., J. Am. Coil. Surg. 185 :25-32. 1997). 
Atrial arrhythmias and prolonged air leaks, which are the most commonly reported complications of LVRS, are less 
likely to occur with BLVR because BLVR does not require stapling of fragile lung tissue or surgical manipulations that 

10 irritate the pericardium. BLVR may also be considerably less expensive than SLVR, which cun^ently costs between 
approximately $1 8,000 and $26,000 per case. The savings would be substantial, given that emphysema afflicts be- 
tween two and six million patients in America alone. In addition, some patients who would not be candidates for LVRS 
(due, e.g., to their advanced age) may undergo BLVR. Moreover, should the need arise, BLVR affords patients an 
opportunity to undergo more than one volume reduction procedure. While repeat surgical intervention is not a viable 

IS option for most patients (because of pleural adhesions that fomn following the original procedure), no such limitation 
should exist for patients who have undergone BLVR. 

[0012] Other features and advantages of the invention will be apparent from the following detailed description, and 
from the claims. 

20 Brief Description of the Drawings 

[0013] 

Fig. 1 is a schematic representation of BLVR. 
2s Fig. 2a illustrates a catheter that can be Inserted through a bronchoscope. 

Fig. 2b is a cross-sectional view through the shaft of the catheter illustrated in Fig. 2a. 

Fig. 2c illustrates a cartridge that can be attached to the catheter illustrated in Fig. 2a.. 

Fig. 2d illustrates an injector that can be used to expel material from the cartridge illustrated in Fig. 2c. 

Fig. 2e illustrates the catheter of Fig. 2a assembled with the cartridge of Fig. 2c, the injector of Fig. 2d, and a leur- 
30 lock, air-filled syringe. 

Figs. 3a and 3b are graphs depicting the surface tension vs. surface area of surfactant films from a control guinea 

pig (Fig. 3a) and a guinea pig exposed to LPS (Fig. 3b). 

Figs. 4a and 4b are bar graphs depicting the surface film stability parameter (Qy/dA)1 (A/y) as a function of protein/ 
lipid concentration for fibrinogen and albumin surfactant mixtures. 
35 Figs. 5a and 5b are bar graphs depicting dynamic (Fig. 5a) and quasi-static (Fig. 5b) compliance 3 months after 

sheep were exposed to Papain, n = 6. 

Figs. 6a and 6b are graphs plotting the relationship between physiology (Cdyn, as a % baseline, is shown in Fig. 
6a and Rl, also as a % baseline, is shown in Fig. 6b) and emphysema severity score. 

Fig. 7 is a graph illustrating static lung compliance (volume in liters vs. Ptp in cm H2O) at baseline (i.e., pre- 
40 treatment) and at eight weeks following papain therapy in sheep. 

Figs. 8a and 8b are bar graphs summarizing elastic moduli of gel strips containing various ECM components (Fig. 
8a) and gel polymerization rates (Fig. 8b). 

Fig. 9 is a line graph plotting percent strain v. cycles to failure for gel strips composed of fibrin alone or fibrin + PLL 
+ CS. 

45 Figs. 10a and 10b are bar graphs of human fibroblast proliferation on fibrin gels containing ECM components. 

Fig. 11 is a bar graph depicting the effects of modified washout solutions and glues on lung physiology in sheep. 

Figs. 12a and 12b are line graphs showing a quasi-static pressure volume relationships for a sheep treated with 

4 X 1 0 ml subsegmental washout plus fibrin glue (the results after two weeks are shown In Fig. 12a) and a sheep 

treated with washout solution containing ECM components (Fig. 12b). 
so Figs. 13a, 13b, and 13c are schematics of a dual-lumen catheter system. 

Figs. 14a and 14b are schematics of a catheter system that can be used to seal bronchoplueral fistulas. 

Detailed Description 

ss [0014] The devices and compositions described herein can be used to repair injuries to or leaks in tissues such as 
the lung, which can be caused by trauma, disease, or surgical procedures, as well as to reduce the volume of inherently 
collapsible tissue. For example, lung volume can be reduced using a bronchoscope (bronchoscopic lung volume re- 
duction is abbreviated herein as BLVR). Referring to Fig. 1 , a flexible bronchoscope 10 is Inserted through a patient's 
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trachea 12 to a target region 20a of the lung 20, and a balloon catheter 50 with a distal lumen port 60 (Fig. 2) is inserted 
through a channel within the bronchoscope. Target region 20a will collapse either when the air passage 14 to target 
region 20a Is occluded or when an a nti -surfactant Is administered through balloon catheter 50 to target region 20a. 
Regardless of the cause of collapse, one portion of the collapsed target region will adhere to another when exposed 

s to one or more of the compositions described below. These compositions Include substances that can polymerize 
either spontaneously (e.g., fibrin) or in response to an activator {e.g., fibrinogen). In addition, one or more of the com- 
positions contains a polypeptide growth factor that promotes fibrosis, and may contain an antibiotic to help prevent 
infection or an additional factor (such as factor Xllla transglutaminase) to promote polymerization. Following application 
of the composition{s), the bronchoscope is removed. 

10 [0015] Patients who have chronic obstructive pulmonary disease can benefit from BLVR. These patients include, but 
are not limited to, those who have emphysema, chronic asthma, chronic bronchitis, and brochlectasis. BLVR can also 
be performed when a patients lung is damaged by trauma or in the event of a spontaneous pneumothorax. While the 
compositions of the invention (which may be referred to herein variously as solutions, glues, and gels) can be applied 
with novel devices of the present invention, they can also be applied independently. For example, the compositions 

IS can be applied during surgical LVR or during any surgical procedure that places a patient at risk of experiencing damage 
to the lung, other tissues within the respiratory tract, other organs, or other organ systems. Some of the uses for the 
compositions of the invention are described more specifically under the heading, "Other Embodiments." 

Identifying and Gaining Access to a Target Region of the Lung 

20 

[0016] Once a patient is determined to be a candidate for BLVR, the target region 20a of the lung can be Identified 
using radiological studies (e.g., chest X-rays) and computed tomography scans. When the procedure is subsequently 
perfomned, the patient is anesthetized and intubated, and can be placed on an absorbable gas (e.g., at least 90% 
oxygen and up to 100% oxygen) for a specified period of time (e.g., approximately 30 minutes). The region(s) of the 

25 lung that were first identified radiologlcally are then Identified bronchoscopically. 

[0017] Suitable bronchoscopes Include those manufactured by Pentax, Olympus, and Fujinon, which allow for vis- 
ualization of an illuminated field. The physician guides bronchoscope 10 into trachea 12 and through the bronchial tree 
so that the open tip 60 of bronchoscope 10 is positioned at the entrance to target region 20a (i.e., to the region of the 
lung that will be reduced in volume). Bronchoscope 10 can be guided through progressively narrower branches of the 

30 bronchial tree to reach various subsegments of either lung 20. For example, as shown In Fig. 1 , the bronchoscope can 
be guided to a subsegment within the upper lobe of the patient's left lung. 

[0018] The balloon catheter 50 mentioned above (and described more fully below) is then guided through broncho- 
scope 10 to target region 20a of lung 20. When catheter 50 is positioned within bronchoscope 10, balloon 56 is inflated 
so that material passed through the catheter will be contained in regions of the lung distal to the balloon. The targeted 
35 region can be lavaged with saline to reduce the amount of surfactant that is naturally present, and a physiologically 
compatible composition containing an anti-surfactant (Le., an agent that increases the surface tension of fluids lining 
the alveoli) is applied to the targeted region of the lung through the catheter. Preferably, the composition is fomnulated 
as a solution or suspension and Includes fibrin or fibrinogen. An advantage of administering these substances is that 
they can each act not only as anti-surfactants, but can participate in the adhesive process a.s well. 

40 

FIbrinogen-based solutions 

[0019] Fibrinogen can function as an anti-surfactant because it increases the surface tension of fluids lining the 
alveoli, and it can function as a sealant or adhesive because it can participate In a coagulation cascade In which it is 

45 converted to a fibrin monomer that Is then polymerized and cross-linked to fonn a stable mesh. Fibrinogen, which has 
also been called Factor I, represents about 2-4 g/L of blood plasma protein, and is a monomer that consists of three 
pairs of disulfide-linked polypeptide chains designated {Aa)2, (Bp)2, and Vg. The "A" and "B" chains represent the two 
small N-terminal peptides and are also known as fibrinopeptides A and B, respectively. The cleavage of fibrinogen by 
thrombin resufts in a compound termed fibrin I, and the subsequent cleavage of fibrinopeptide B results in fibrin II. 

50 Although these cleavages reduce the molecular weight of fibrinogen only slightly, they nevertheless expose the po- 
lymerization sites. In the process of nomial clot formation, the cascade is initiated when fibrinogen is exposed to 
thrombin, and this process can be replicated in the context of lung volume reduction when fibrinogen is exposed to an 
activator such as thrombin, or an agonist of the thrombin receptor, in an aqueous solution containing calcium {e.g. 1 .5 
to 5.0 mM calcium). 

55 [0020] The fibrinogen-containing composition can Include 3-1 2% fibrinogen and, preferably, includes approximately 
10% fibrinogen in saline (e.g., 0.9% saline) or another physiologically acceptable aqueous solution. The volume of 
anti-surfactant administered will vary, depending on the size of the region of the lung, as estimated from review of 
computed tomagraphy scanning of the chest. For example, the targeted region can be lavaged with 10-100 mis (e.g.. 
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50 mis) of fibrinogen solution (10 mg/ml). To facilitate lung collapse, the target region can be exposed to (e.^., rinsed 
or lavaged with) an unpolymerized solution of fibrinogen and then exposed to a second fibrinogen solution that is 
subsequently polymerized with a fibrinogen activator {e.g., thrombin or a thrombin receptor agonist). 
[0021] The anti-surfactant can contain fibrinogen that was obtained from the patient before the non-surgical lung 

s reduction procedure commenced (/. e. , the anti-surfactant or adhesive composition can include autologous fibrinogen). 
The use of an autologous substance is preferable because it eliminates the risic that the patient will contract some form 
of hepatitis (e.g., hepatitis B or non A, non B hepatitis), an acquired immune defifciency syndrome (AIDS), or other 
blood-transmitted infection. These infections are much more likely to be contracted when the fibrinogen component is 
extracted from pooled human plasma (see, e.g., Silberstein eta/,, Transfusion 28:31 9-321 , 1988). Human fibrinogen 

10 is commercially available through suppliers known to those of skill in the art or may be obtained from blood banks or 
simitar depositories. 

[0022] Polymerization of fibrinogen-based anti-surfactants can be achieved by adding a fibrinogen activator. These 
activators are known in the art and include thrombin, batroxobin (such as that from B, Moojeni, B. Maranhao, B. atrox, 

B. Ancrod, or A. rhodostoma), and thrombin receptor agonists. When combined, fibrinogen and fibrinogen activators 
15 react in a manner similar to the final stages of the natural blood clotting process to fonri a fibrin matrix. More specifically, 
polymerization can be achieved by addition of thrombin (e.g., 1-10 units of thrombin per ng of fibrinogen). If desired, 
1-5% (e.g., 3%) factor XII la transglutaminase can be added to promote cross-linking. 

[0023] In addition, to promote fibrosis (or scanning) at the site where one region of the collapsed lung adheres to 
another, one or more of the compositions applied to achieve lung volume reduction (e.g., the composition containing 

20 fibrinogen) can contain a polypeptide growth factor. Numerous factors can be included. Platelet-derived growth factor 
(PDGF) and those in the fibroblast growth factor and transforming growth factor-p families are preferred. 
[0024] For example, the polypeptide growth factor Included In a composition administered to reduce lung volume (e. 
g., the fibrinogen-, fibrinogen activator-, or fibrin-based compositions described herein) can be basic FGF (bFGF), 
acidic FGF (aFGF), the hst/Kfgf gene product, FGF-5, FGF-10, or int-2. The nomenclature in the :field of. polypeptide 

25 growth factors Is complex, primarily because many factors have been Isolated Independently by different researchers 
and, historically, named for the tissue type used as an assay during purification of the factor. This complexity is illustrated 
by basic FGF, which has been refen^ed to by at least 23 different names (including leukemic growth factor, macrophage 
growth factor, embryonic kidney-derived anglogenesis factor 2. prostatic growth factor, astroglial growth factor 2, en- 
dothelial growth factor, tumor anglogenesis factor, hepatoma growth factor, chondrosarcoma growth factor, cartilage- 

30 derived growth factor 1 , eye-derived growth factor 1 , heparin-binding growth factors class II, myogenic growth factor, 
human placenta purified factor, uterine-derived growth factor, embryonic carcinoma-derived growth factor, human pi- 
tuitary growth factor, pitultary-derlved chondrocyte growth factor, adipocyte growth factor, prostatic osteoblastic factor, 
and mammary tumor-derived growth factor). Thus, any factor referred to by one of the aforementioned names is within 
the scope of the invention. 

35 [0025] The compositions can also include "functional polypeptide growth factors," /.e., growth factors that, despite 
the presence of a mutation (be it a substitution, deletion, or addition of amino acid residues) retain the ability to promote 
fibrosis in the context of lung volume reduction. Accordingly, alternate molecular forms of polypeptide growth factors 
(such as the forms ofbFGF having molecular weights of 17.8, 22.5, 23.1 , and 24.2 kDa) are within the scope of the 
Invention (the higher molecular weight fomis being colinear N-tenninal extensions of the 1 7.8 kDa bFGF (Florkiewicz 

40 et ai., Proc. Natl. Acad. Sci. USA 86:3978-3981 , 1 989)). 

[0026] It is well within the abilities of one of ordinary skill in the art to determine whether a polypeptide growth factor, 
regardless of mutations that affect its amino acid content or size, substantially retains the ability to promote fibrosis as 
would the full length, wild type polypeptide growth factor {i.e., whether a mutant polypeptide promotes fibrosis at least 
40%, preferably at least 50%, more preferably at least 70%, and most preferably at least 90% as effectively as the 

45 corresponding wild type growth factor). For example, one could examine collagen deposition in cultured fibroblasts 
following exposure to full-length growth factors and mutant growth factors. A mutant growth factor substantially retains 
the ability to promote fibrosis when it promotes at least 40%, preferably at least 50%, more preferably at least 70%, 
and most preferably at least 90% as much collagen deposition as does the corresponding, wild-type factor. The amount 
of collagen deposition can be measured in numerous ways. For example, collagen expression can be detemiined by 

50 an immunoassay. Alternatively, collagen expression can be detennlned by extracting collagen from fibroblasts {e.g., 
cultured fibroblasts or those In the vicinity of the reduced lung tissue) and measuring hydroxyproline. 
[0027] The polypeptide growth factors useful in the invention can be naturally occurring, synthetic, or recombinant 
molecules and can consist of a hybrid or chimeric polypeptide with one portion, for example, being bFGF or TGFp, 
and a second portion being a distinct polypeptide. These factors can be purified from a biological sample, chemically 

55 synthesized, or produced recombinantly by standard techniques (see, e.g., Ausubel et at., Current Protocols in Molec- 
ular Biology, New York, John Wiley and Sons, 1 993; Pouwels etai. Cloning Vectors: A Laboratory Manual, 1985, Supp. 
1987). 

[0028] Of course, various fibrosls-promoting growth factors can be used in combination. 
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[0029] One of ordinary skill in the art is well able to determine the dosage of a polypeptide growth factor required to 
pronnote fibrosis In the context of BLVR. The dosage required can vary and can range from 1-100 nM. 
[0030] In addition, any of the compositions or solutions described herein for lung volume reduction (e.g., the fibrin- 
ogen-based composition described above) can contain one or more antibiotics (e.y., ampicillin, gentamycin, cefotaxim, 
5 nebacetin, penicillin, or sisomicin). The inclusion of antibiotics in therapeutically applied compositions is well l<nown to 
those of ordinary skill In the art. 

Fibrin-based solutions 

10 [0031] Fibrin can also function as an anti-surfactant as well as a sealant or adhesive. However, in contrast to fibrin- 
ogen, fibrin can be converted to a polymer without the application of an activator (such as thrombin or factor Xllla). in 
fact, fibrin 1 monomers can spontaneously form a fibrin I polymer that acts as a clot, regardless of whether they are 
crosslinked and regardless of whether fibrin I is further converted to fibrin II polymer. Without limiting the invention to 
compounds that function by any particular mechanism, it can be noted that when fibrin I monomers come into contact 

IS with a patient's blood, the patient's own thrombin and factor XIII may convert the fibrin I polymer to crosslinked fibrin 
II polymer 

[0032] Any form of fibrin monomer that can be converted to a fibrin polymer can be fomnulated as a solution and 
used for lung volume reduction. For example, fibrin-based compositions can contain fibrin I monomers, fibrin II mon- 
omers, des BB fibrin monomers, or any mixture or combination thereof. Preferably, the fibrin monomers are not 
20 crosslinked. 

[0033] Fibrin can be obtained from any source so long as it is obtained in a forni that can be converted to a fibrin 
polymer (similarly, non-crosslinked fibrin can be obtained from any source so long as it can be converted to crosslinked 
fibrin). For example, fibrin can be obtained from the blood of a mammal, such as a human, and is preferably obtained 
from the patient to whom it will later be administered {i.e., the fibrin is autologous fibrin). Alternatively, fibrin can be 

25 obtained from cells that, in culture, secrete fibrinogen. 

[0034] Fibrin-based compositions can be prepared as described in U.S. Patent 5,739,288 (which is hereby incorpo- 
rated by referenced in its entirety), and can contain fibrin monomers having a concentration of no less than about 10 
mg/ml. For example, the fibrin monomers can be present at concentrations of from about 20 mg/ml to about 200 mg/ 
ml; from about 20 mg/mi to about 100 mg/ml; and from about 25 mg/ml to about 50 mg/ml. 

30 [0035] The spontaneous conversion of a fibrin monomer to a fibrin polymer can be facilitated by contacting the fibrin 
monomer with calcium ions (as found, e.g., In calcium chloride, e.g., a 3-30 mM CaCl2 solution). Except for the first 
two steps In the intrinsic blood clotting pathway, calcium ions are required to promote the conversion of one coagulation 
factor to another. Thus, blood will not clot in the absence of calcium Ions (but. in a living body, calcium ion concentrations 
never fall low enough to signif teantiy affect the kinetics of blood clotting; a person would die of muscle tetany before 

33 calcium is diminished to that level). Calcium-containing solutions (e.g., sterile 10% CaCig) can be readily made or 
purchased from a commercial supplier. 

[0036] The fibrin-based compositions described here can also include one or more polypeptide growth factors that 
promote fibrosis (or scarring) at the site where one region of the collapsed lung adheres to another. Numerous factors 
can be included and those in the fibroblast growth factor and transfomning growth factor-^ families are preferred. The 
40 polypeptide growth factors suitable for inclusion with fibrin-based compositions include all of those (described above) 
that are suitable for inclusion with fibrinogen-based compositions. 

Solutions that include components of the extracellular matrix 

45 [0037] As described herein, an effective way of achieving safe, non-surgical tissue volume reduction Is to use solu- 
tions containing agents that act not only mechanically to adhere one portion of a tissue to another, but also biologically 
to modulate responses of the cells within the areas targeted for volume reduction. Thus, the fibrin- and fibrinogen- 
based solutions described above can also contain one or more agents that enhance the mechanical and biological 
properties of the solutions. As described above, such solutions can be used to lavage {i.e. to wash out) the tissue or 

so to adhere one portion of the tissue to another. 

[0038] Useful agents include those that: (1 ) promote fibroblast and mononuclear cell chemotaxis and collagen dep- 
osition in a self-limited and localized manner; (2) dampen the activity of alveolar epithelial cells, either by inhibiting 
their ability to express surfactant, which promotes reopening of target regions, or by promoting epithelial cell apoptosis, 
which causes inflammation; (3) promote epithelial cell constriction, which decreases blood flow to target regions, there- 

55 by minimizing mismatching between ventilation and perfusion and any resulting gas exchange abnormalities. More 
specifically, solutions containing components of the extracellular matrix (ECM), endothelin-1 , and/or pro-apoptotic re- 
agents can be used. Suitable pro-apoptotic agents Include proteins in the Bcl-2 family {e.g., Bax, Bid, Bik, Bad, and 
Bim and biologically active fragments or variants thereof), proteins In the caspase family {e.g., caspase-3, caspase-8. 
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caspase-9, and biologically active fragments or variants thereof), and proteins in the annexin family {e.g. annexin V, 
or a biologically active fragment or variant thereof). As described further In the Examples below, solutions containing 
several of these agents have been tested. The first agents to be tested were selected based on their biological attributes, 
their biophysical effects on gel behavior, their solubility in aqueous solutions (under physiological conditions), and cost. 
s Those of ordinary skill in the art will be able to recognize and use comparable agents without resort to undue experi- 
mentation. 

[0039] The agents selected for use initially were chondroitin sulfate A, low and high molecular weight hyaluronic 

acid, fibronectin, medium and long chain poly-L-lysine, and the collagen dipeptide proline-hydroxyproline. 

[0040] Chondroitin sulfate (CS) Is an ECM component of the glycosaminoglycan (GAG) family. It is a sulfated car- 

10 bohydrate polymer composed of repeating dissacharide units of galactosamlne linked to glucuronic acid via a beta 1 -4 
carbon linkage. CS is not found as a free carbohydrate moiety in vivo, but rather is bound to core proteins of various 
types. As such, it Is a component of several important ECM proteoglycans including members of the syndecan family 
(syndecan 1-4), leuclne-rich family (decortin, biglycan), and the hyaluronate binding family (CD44, aggrecan, versican, 
neuroncan). These CS-containing proteoglycans function in the binding of cell surface integrins and growth factors. 

IS CS-contatning proteoglycans may function within the lung as scaffolding for collagen deposition by fibroblasts. Thus, 
ECM components within the glycosaminoglycan family, particularly carbohydrate polymers, are useful in achieving 
tissue volume reduction (e.g., lung volume reduction carried out bronchoscopically). For example, the addition of chon- 
droitin sulfate A or C at concentrations ranging from 0.05-3.00% has a specific and beneficial effect on both the me- 
chanical and biological properties of fibrin gels. Simllariy, solutions useful to lavage and adhere tissue can contain 

^ comparable amounts of one or rnore proteoglycans such as syndecan 1-4, decortin, biglycan, CD44, aggrecan, ver- 
sican, and neuroncan. In one embodiment, the composition of the invention includes ethanol {e.g., 1-20%) fibrinogen 
{e.g., 0.01-5.00%), HA {e.g., 0.01-3.00%), FN {e.g., 0.001-0.1%), and CS {e.g., 0.01-1.0%). For example, a useful 
composition of the invention includes 10% ethanol, 0.5% fibrinogen, 0.3% HA, 0.01% FN, and 0.1% CS. 
[0041] Hyaluronic acid (HA), like CS, is a polysaccharide, consisting of repeating units of glucuronic acid and N- 

25 acetylglucosamine joined by a beta 1-3 linkage. However, unlike CS and other GAGS, HA functions in vivo as a free 
carbohydrate and is not a component of any proteoglycan family. HA is a large polyanionic molecule that assumes a 
randomly coiled structure in solution and, because of its self-aggregating properties, imparts high viscosity to aqueous 
solutions. It supports both cell attachment and proliferation. In addition, HA is believed to promote monocyte/macro- 
phage chemotaxis and to stimulate cytokine and plasmin activator inhibitor secretion from these cells. Thus, polysac- 

30 charides that include repeating units of, for example, glucuronic acid and N-acetylglucosamine, are useful in achieving 
tissue volume reduction {e.g., lung volume reduction carried out bronchoscopically). For example, the addition of either 
high or low MW HA at concentrations ranging from 0.05-3.00% will have a specific and beneficial effect on both the 
mechanical and biological properties of fibrin gels. 

[0042] Fibronectin (Fn) is a widely distributed glycoprotein present within the ECM. It is present within tissues as a 
35 heterodlmer in which the subunits are covalently linked by a pair of disulfide bonds near the carboxyl terminus. Fn is 
divided into several domains, each of which has a distinct function. The amino terminal region has binding sites for 
fibrin, heparin, factor XII I a, and collagen. Fn has a central cell-binding domain, which is recognized by the cell surface 
integrins of macrophages, as well as fibroblasts, myofibroblasts, and undifferentiated interstitial cells. Fn's primary 
function in vivo is as a regulator of wound healing, cell growth, and differentiation. Fn can promote binding and chem- 
40 otaxis of fibroblasts. It can also act as a cell cycle competency factor allowing fibroblasts to replicate more rapidly when 
exposed to appropriate "progression signals." in vitro, Fn promotes fibroblast migration Into plasma clots. In addition, 
Fn promotes alterations in alveolar cell phenotypethat result in a decrease in surfactant expression. Thus, Fn molecules 
that promote tissue collapse and scar fonnatlon are useful in achieving tissue volume reduction (e.g., lung volume 
reduction carried out bronchoscopically). Fn Isofonns generated by alternative splicing are useful, and addition of lys- 
45 ophosphatidic acid, or a salt thereof, can be added to Fn-contalning solutions to enhance Fn binding. For example, 
the addition of a Fn at a concentration ranging from 0.05-3.00% will have a specific and beneficial effect on both the 
mechanical and biological properties of fibrin gels used, for example, in BLVR. 

[0043] Poly-L-lysine (PLL) is commonly used In cell culture experiments to promote cell attachment to surfaces, and 
it is strongly positively charged. Despite its large size, it dissolves readily in the presence of anionic polysaccharides, 

50 including HA and CS. Thus, PLL, HA, and CS may be used in combination in solutions to lavage, destabilize, and 
adhere one portion of a tissue to another. The studies described below explore the possibility that PLL in a fibrin networic 
containing long chain polysaccharides generates ionic interactions that make fibrin gels more elastic and less prone 
to breakage during repeated stretching. PLL can also promote hydration and swelling once matrices are fomned. Thus, 
a particular advantage of using solutions containing PLL for lung volume reduction is that such solutions make it even 

55 less likely that the resulting matrices will be dislodged from the airway. PLL having a molecular weight between 3,000 
and 10,000 can be used at concentrations of 0.1 to 5.0%. 

[0044] The di-peptlde proline-hydroxyproline (PHP) is common to the sequence of interstitial collagens (type I and 
type 111). Collagen-derived peptides may act as signals for promoting fibroblast in-growth and repair during the wound 
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healing process. The PHP dl-peptide, at concentrations ranging from 2.5-10.0 mM, Is as effective as type I and type 
II collagen fragments In promoting fibroblast chemotaxis in vitro. Thus, PHP dl-peptides are useful In achieving tissue 
volume reduction {e.g., lung volume reduction carried out bronchoscopically). For example, the addition of PHP di- 
peptides at concentrations ranging from 0.05-3.00% will have a specific and beneficial effect on both the mechanical 

s and biological properties of fibrin gels. 

[0045] The addition of ECM components to washout solutions and fibrin gels may promote tissue collapse and scar- 
ring by modulating the activity of Interstitial fibroblasts and lung macrophages. Disruption of intact epithelium tends to 
promote permanent atelectasis and scaning. Thus, it can be useful to expose the alveolar epithelium to agents that 
cause Inflammation and trigger an "ARDS-like" response. Of course, administration of such agents must be carefully 

10 controlled and monitored so that the amount of inflammation produced is not hazardous. Alternatively, tissue repair 
and volume reduction can be facilitated by the addition of agents that promote epithelial cell apoptosis, "programmed 
cell death/ without extensive necrosis and inflammation. These agents would cause a loss of alveolar cell function 
without inflammation. One way to produce such a response Is by administering sphingomyelin (SGM), a lipid compound 
that is taken up by certain cell types and enzymatically converted by sphingomyelinase and ceramlde kinase to cera- 

15 mide-1 -phosphate, a key modulator of programmed cell death. The application of SGM is also likely to inhibit surfactant, 
since SGM has anti-surfactant activity in vitro. SGM could be administered in the anti-surfactant washout solution, 
where it could act specifically on the epithelial surface to destabilize the local surface film and cause epithelial cell 
death without inflammation. Solutions useful for repairing air leaks in pulmonary tissue or for performing BLVR can 
contain SGM, or a biologically active variant thereof, at concentrations ranging from 0.05-15.00% (e.g,, 0.1 , 0.5, 1 .0, 

20 2.0, 2.5, 5.0, 7.5, 10.0, 12.0, 13,0. 14.0, or 14.5 

[0046] The efficacy of BLVR can also be enhanced by modulating the endothelial cell response. For example, tran- 
sient vasoconstriction can be achieved by including epinephrine or norepinephrine in the washout solution. Sustained 
endothelial modulation could be achieved by inclusion of one of the endothelins, a family of cytokines that promotes 
vasoconstriction and acts as a profibrotic agent. Endothelin-1 , endothelin-2, or endothelin-3 can be used alone or in 

25 combination. Thus, solutions of the invention can also include a vasoactive substance such as endothelin, epinephrine, 
or norepinephrine (at concentrations ranging from 0.01-5.00%), or combinations thereof. The advantage of including 
one or more vasoactive substances is that they favorably modulate the vascular response in the target tissue and this, 
in turn, reduces ventilation perfusion mismatching. Improves gas exchange, and, simultaneously, promotes scar for- 
mation. 

30 

Application of fibrin-based, fibrinoqen-based, and ECM-containing compositions following lung collapse 

[0047] While a targeted region of the lung can be collapsed by exposure to one of the substances described above, 
these substances can also be applied to adhere one region of the lung to another (and to promote fibrosis) when the 

35 collapse has been Induced by other means. For example, the substances described above can be applied after the 
lung collapses from blockage of airflow into or out of the targeted region. Such blockage can be readily induced by, for 
example, inserting a bronchoscope into the trachea of an anesthetized patient, inserting a balloon catheter through 
the bronchoscope, and inflating the balloon so that little or no air passes into the targeted region of the lung. Collapse 
of the occluded region after the lung is filled with absorbable gas would occur over approximately 5-15 minutes, de- 

40 pending on the size of the region occluded. Alternatively, a fibrinogen- or fibrin-based solution {e,g, a fibrinogen- or 
fibrin-based solution that contains a polypeptide growth factor), as well as solutions that contain components of the 
ECM (such as those described herein). ECM-like agents (such as PLL and PHP), vasoactive substances (i.e., sub- 
stances that cause vasoconstriction), and pro-apoptotic factors {e.g., proteins in the Bcl-2, caspase, and annexin fam- 
ilies) can be applied after the lung is exposed to another type of anti-surfactant (e.g., a non-toxic detergent). 

45 [0046] Of course, the compositions described herein are useful not only in the course of performing BLVR, but also 
for sealing tears in the lung that arise from trauma or in the course of any surgical procedure. 

Catheters for Application of Material to the Lung 

50 [0049] Referring to Fig. 2a, any of the solutions described above can be administered to the lung by a balloon catheter 
50 having multiple ports 52 through which materials (such as solutions or suspensions) or gases (such as air) can be 
injected via a corresponding number of lumens. 

[0050] The ports of catheter 50 are arranged as follows. A first port 54 having a proximal end 54a adapted for con- 
nection with a gas supply {e.g., a leur-Iock syringe containing air) communicates with internal lumen 56 of catheter 50, 
55 which temninates within inflatable balloon 58 near distal tip 60 of catheter 50. A second port 64 having a proximal end 
64a adapted for connection with a source of one or more materials {e.g., medication cartridge 80, described below) 
communicates with internal lumen 66, which terminates at open distal tip 60 of catheter 50. A third port 74 having a 
proximal end 74a adapted for connection with a source of one or more materials {e.g., medication cartridge 80) com- 
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municates with internal lumen 76, which also terminates at open distal tip 60 of catheter 50. 

[0051] Thus, gas Injected through port 54 travels through internal lumen 56 to inflate balloon 58, and material injected 
through port 64 and/or port 74 travels through internal lumens 66 and 76, respectively, to distal tip 60 of catheter 50. 
Upon reaching distal tip 60 of catheter 50, materials prevlousiy separated within lumens 66 and 76 would mix together. 
5 [00521 Referring to Fig. 2b, Internal lumen 54, intemat lumen 64, and internal lumen 74 are shown in a cross-sectional 
view of shaft 51 of catheter 50. In another embodiment, lumens 66 and 76 can differ in size, with the diameter of the 
lumen through which the fibrinogen-based solution is applied being approximately twice as great as the diameter of 
the lumen through which the solution containing the fibrinogen activator is applied. 

[0053] Referring to Fig. 2c, cartridge 80 can be attached to catheter 50 to inject material via ports 64, 74 and lumens 
10 66, 76. Cartridge 80 includes a first chamber 82 and a second chamber 92, either or both of which can contain material 
useful in BLVR (e.g., chamber 82 can contain a mixture of fibrinogen, TGF-^, and gentamycin, and chamber 92 can 
contain thrombin in a calcium-buffered solution). Material within cartridge 80 can be administered to the lung by way 
of catheter 20, as follows. Upper wall 84 of chamber 82 includes orifice 84a, through which pressure can be applied 
to depress plunger 86. Depression of plunger 86 forces material within chamber 62 toward lower wall 88 of chamber 
15 82, through opening 88a, and, when cartridge 80 is attached to catheter 50, into port 64 of catheter 50. Similarly, upper 
wall 94 of chamber 92 includes orifice 94a, through which pressure can be applied to depress plunger 96. Depression 
of plunger 96 forces material within chamber 92 toward tower wall 98 of chamber 92, through opening 98a, and, when 
cartridge 80 is attached to catheter 50, into port 74 of catheter 50. 

[0054] Referring to Fig. 2d, to aid the transfer of material from cartridge 80 to catheter 50, cartridge 80 can be placed 
20 within recess 45 of a frame-shaped injector 40. Injector 40 includes upper wall 42, having orifices 42a and 42b, through 
which arm 44 is inserted. Prong 44a of arm 44 enters injector 40 through orifice 42a and prong 44b of arm 44 enters 
injector 40 through orifice 42b. When cartridge 80 is placed within injector 40 and ami 44 is depressed, prongs 44a 
and 44b are forced against plungers 86 and 96, respectively, thereby extruding materials in chambers 82 and 92 
through openings 88a and 98a, respectively, of cartridge 80 and openings 46a and 46b, respectively, of lower wall 46 
25 of injector 40. 

[0055] Fig. 2e illustrates catheter 50 assembled with cartridge 80, injector 40, and a leur-lock, air-filled syringe 30. 
[0056] Referring to Figs. 1 3a through 1 3c, any of the solutions described herein can be administered to the lung by 
a balloon catheter 100 having multiple ports 101 through which materials (such as solutions or suspensions) or gases 
(such as air) can be injected via a corresponding number of lumens. Catheter 100 features a dual sheath for delivery 

30 of the compositions of the invention. Outer sheath 102 encloses inner channel 102a through which inner sheath 110 
passes. Outer sheath 102 supports balloon 105. Air (or another gas or substance) injected through proximal inflation 
port 105a flows through lumen 105b to balloon 105, thereby sealing region 112. When inner sheath 110 resides within 
Inner channel 102a and balloon 105 is inflated, compositions [e.g. anti-surfactant solutions) can then be applied through 
distal port 111 to sealed region 112. Sealed region 112 can be exposed to a solution (e.g., an anti-surfactant or wash- 

35 out solution) for a brief time (e.g. 60 seconds). The solution can then be removed through distal port 111 under con- 
tinuous suction. Typically, suction will be applied for 3-5 minutes. Inner sheath 110 is then passed through inner channel 
102a of outer sheath 102. By virtue of the fact that inner sheath 110 is longer than outer sheath 102, distal tip 110a of 
inner sheath 110 comes to rest deeper within sealed region 112 than distal tip 102a of outer sheath 102. A fibrin- or 
fibrinogen-based solution can then be administered through one of multiple ports 101. Alternatively, a fibrin-based 

40 solution can be administered through proximal port 101a and a polymerizing agent (e.g. thrombin) can be administered 
through proximal port 101b. An advantage of the dual lumen catheter system represented in Figs. 13a and 13b Is that 
inner sheath 110 can be manually withdrawn through inner channel 102a as solutions are being injected through 
proximal ports 101a and 101b. Thus, solution(s) can be distributed (i.e. spread) from the most distal reaches of distal 
tip 1 1 0a to the point where inner sheath 1 1 0 is withdrawn through distal tip 1 02a. As shown in Fig. 1 3c, a cross-sectional 

45 view through inner sheath 1 1 0 at point A, dual lumens 1 07 and 1 08 keep the solutions injected through proximal ports 
101a and 101b separate until they emerge through distal tip 110a into sealed region 112. 

[0057] Accordingly, the invention features a respiratory catheter system that includes an outer sheath defining a first 
lumen, the outer sheath including a fixation member (e.g., a balloon) for locating the outer sheath In the bronchial tree, 
and an inner sheath configured to be movably received within the first lumen, the inner sheath being defined by a pair 

so of lumens each for receiving one of a first and second components of a glue. 

[0058] Referring to Figs. 14a and 14b, any of the solutions described herein can be administered to the lung by a 
dual-balloon catheter 120 having multiple ports 121 through which materials (such as solutions or suspensions) or 
gases (such as air) can be injected via a corresponding number of lumens. Catheter 120 features four channels. These 
channels are shown in Fig. 14a in cross section taken at point A of Fig. 14b. Channel 123 connects balloon port 123a 

55 with balloon 123b. Channel 124 connects balloon port 124a with distal balloon 124b. Channel 125 connects injection 
port 125a with distal tip 120b, and channel 126 connects injection port 126a with distal tip 120b. The advantage of this 
catheter is that it reduces the length of time it takes to perfomri BLVR by allowing the physician to detemiine more 
quickly whether distal tip 120b has reached an appropriate region of the lung (e.g. a region that is leaking air). The 
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bronchi and bronchioles branches extensively (see Fig. 1), and it is desirable to place the cathether as accurately as 
possible within the bronchial tree. Typically, the physician will know when an air leak has been sealed by watching for 
movennent of air from a tube placed in the patient's chest prior to BLVR. If catheter 120 Is Inserted {e.g. through a 
bronchoscope) Into one of the branches of the bronchial tree and if air nriovement through the chest tube ceases when 

5 proximal balloon 123b is Inflated, the physician will know that the damaged region of the lung lies distal to balloon 
123b. If balloon 123b is subsequently deflated, balloon 124b is inflated, and air movement through the chest tube 
ceases, the physician will know that distal tip 120b is also in the appropriate region of the lung. If, however, movement 
through the chest tube continue (when balloon 123b is deflated and balloon 124b is inflated) then distal tip 120b has 
not been advanced into the region of the lung that Is leaking and in need of repair. 

10 [0059] Accordingly, the invention features respiratory catheter system that Includes a sheath defining four lumens, 
wherein the first and second lumens receive the first and second components of a glue and extend from the proximal 
end of the catheter to the distal tip of the catheter, and the third and fourth lumens extend from the proximal end of the 
catheter to fixation members {e.g., balloons) positioned along the shaft of the catheter, one fixation member being 
positioned closer to the distal tip of the catheter than the other. 

15 [0060] The preferred methods, materials, and examples that will now be described are illustrative only and are not 
intended to be limiting; materials and methods similar or equivalent to those described herein can be used in the 
practice or testing of the invention. 

Example 1 : BLVR in an Isolated Calf Lung 

20 

[0061 ] Isolated calf lungs are excellent models for BLVR because they are easy to work with and anatomically similar 
to human lungs. Calf lungs having 4-5 liters total lung capacity were purchased from Arena and Sons' Slaughter House 
(Hopkinton, MA) and delivered on ice to the laboratory within 3 hours of procurement. The lungs were tracheally can- 
nulated with a #22 tubing connector and suspended from a ring clamp with the diaphragmatic surface resting in a large 

25 Teflon dish containing 2-3 mm of phosphate buffered saline (PBS). The visceral pleural surface was kept moist by 
spraying it with a mist of 0.15 M NaCI at regular intervals. Pleural leaks were identified by the appearance of bubbles 
on the pleural surface and by assessing the lungs* ability to hold a constant pressure of 20 cm H2O inflation pressure. 
Leaks were sealed by autologous buttress plication. Any adversely affected sections of the lungs were rolled up and 
stapled in a manner similar to that used in LVRS in humans (Swanson etal., J. Am. Coil. Surg. 185 :25-32, 1997). 

30 [0062] Absolute lung volumes were measured by gas dilution using nitrogen as the tracer gas (Conrad et ai., Pul- 
monary Function Testing - Principles and Practice, Churchill Livingstone Publishers, New York, NY, 1984). Measure- 
ments were perfonned at 0 cm H2O transpulmonary pressure as follows. A three liter syringe was filled with 1 .5 liters 
of 100% oxygen from a reservoir bag. The isolated lung, containing an unknown volume of room air (79% nitrogen) 
was then connected in-line with the syringe containing 0% nitrogen via a three way valve. The gas was mixed well by 

55 depressing the plunger of the syringe 60-1 00 times, and the equilibrium concentration of nitrogen was then determined 
using a nitrogen meter (Medtronlcs, Model 830 Nitrogen meter). The unknown starting lung volume of room air was 
then calculated according to the following conservation of mass equation: 

40 VL = {FN2f/(0 79-FN2f>-1'5'- 

where FN2f is the fraction of nitrogen measured at steady state following mixing with 1.5 liters of oxygen from the 
syringe. This measurement defines the single absolute lung volume that Is required to characterize static lung me- 
chanics. 

45 [0063] Quasi-static deflation pressure volume curves (QSPVC) were then recorded during step-wise deflation from 
20 cm H2O to 0 cm H2O transpulmonary pressure as follows. Lungs were filled with air to 20 cm H2O transpulmonary 
pressure, and the trachea was then occluded manually. Transpulmonary pressure was recorded using a 50 cm H2O 
pressure transducer positioned at the ainway opening. Expired lung volume was measured using a pneumotachograph 
(Hans Rudolf Inc, Kansas City, MO) connected in series with the tracheal cannula. Pressure as a function of expired 

50 lung volume (referenced to the starting volume at 20 cm HgO) was detemiined by intemilttently occluding the trachea. 
Occlusions were maintained long enough to allow for equilibration of tracheal and alveolar pressures (no change in 
tracheal pressure over three seconds). By combining the single absolute lung volume measurement made by nitrogen 
dilution at zero transpulmonary pressure with QSPVC data, complete static recoil pressure volume relationships were 
determined. These relationships can be described as an exponential function according to the equation of Salazar et 

55 aL (JL AppL Physiol. 19:97-1 04, 1 964): 

V(P) = V„3,-Ae-^ 
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where V is lung volume as a function of transpulmonary pressure; P is transpulmonary pressure; ^m^x *s the extrapo- 
lated lung volume at Infinite pressure (approximately equal to TLC); A is the difference between Vj^a^^ and the volume 
of gas trapped within the lung at zero transpulmonary pressure (approximately equal to vital capacity); and k Is the 
shape factor which describes the curvature of the exponential relationship between pressure and volume independent 
5 of the absolute volume of the lung. The parameters V^a^* A, and k were determined from a best fit linear regression 
analysis, and recoil pressure at total lung capacity (PTLC) detennined by direct measurement. 

[0064] It is useful to express the pressure volume relationship in terms of the parameters described above because 
each parameter is known to change in a characteristic fashion in emphysema. Thus, one can anticipate specific changes 
following interventions designed to either produce emphysema {e.g. papain exposure in the animal model) or correct 

10 the abnormalities of emphysema {e.g., volume reduction; see Gibson er a/., Am. Rev, Resp, Dis. 120 :799-81 1 , 1 979). 
For example, V^^j^ Increases in emphysema due to lung hyper-expansion (this reflects an Increase in total lung ca- 
pacity); k, the shape factor, also Increases due to a decrease in the slope of the pressure volume relationship at low 
lung volumes; and A, the difference between maximal lung volume and trapped lung gas at zero transpulmonary pres- 
sure, decreases because trapped gas increases out of proportion to total lung capacity. These abnormalities will im- 

15 prove following effective lung volume reduction. 

[0065] Following completion of lung volume and QSPVC measurements, lung function was assessed during simu- 
lated tidal ventilation. A solenoid driven computer controlled pneumatic ventilator was developed for this purpose. This 
device allows for measurements of lung resistance and dynamic elastance during oscillatory ventilation, while moni- 
toring and maintaining a constant user specified mean ainway pressure. Flow (V) into and out of the lung was measured 

20 using a pneumotachometer, volume (V) was detennined by integration of the flow signal, and transpulmonary pressure 
(Ptp) was recorded as ainway opening pressure referenced to atmospheric pressure. 

[0066] The flow pattern chosen for measuring lung function was an optimal ventilation waveform (OVW) pattern 
developed by Lutchen etaf. (J. AppL Physiol. 75:476-468, 1 993). This pattern represents the sum of a series of sinusoids 
selected to provide tidal ventilation while simultaneously minimizing signal distortion due to nonlinear effects of the 

25 respiratory system (Suki et ai., J. Appl. Physiol. 79(2):660-671 , 1995). Lung function was assessed by detemnining 
impedance, the ratio of pressure to flow in the frequency domain, by Fourier analysis. The real and imaginary parts of 
the impedance signal represent lung resistance and lung reactance, respectively. Lung resistance is, in tum, equal to 
the sum of tissue resistance (Rji) and airway resistance (Raw), while lung reactance is detennined by a combination 
of elastance and gas inertance effects. Thus, in contrast to standard sinusoidal or constant flow ventilation, OVW 

30 measurements allow for the determination of airway resistance, tissue resistance, and dynamic elastance (Edyn) over 
a range of frequencies from a single measurement. This detailed infonnation is useful for several reasons. Volume 
reduction Is a procedure which has the potential for affecting all three of these lung function parameters. In emphysema, 
volume reduction should reduce R^w by improving ainn/ay tethering, thereby stretching ainvays open. Because volume 
reduction increases tissue stretching, however. It will tend to Increase tissue resistance. Total lung resistance, the sum 

35 of Raw and R^,, can therefore be variably affected depending upon how LVR individually affects and H^y In most 
Instances, there should be some optimal range of tissue resection that can produce a substantial decrease in Rg^^, but 
only a small increase in R^j. The OVW approach helps define this optimum. An additional benefit of the OVW approach 
is that it provides a non-invasive assessment of lung function heterogeneity. The presence of heterogeneity, which 
physiologically produces a positive frequency dependence in lung elastance, can be detected by the OVW technique 

40 (Lutchen etal., J. AppL Physiol. 75:478-488, 1993). In the nomnal lung, elastance is relatively frequency Independent 
since most regions have similar mechank:al properties leading to unlfomi gas flow distribution. In a diseased lung, 
regional differences In impedance to gas flow exist, and elastance increases with increasing frequency. In emphysema, 
frequency dependence of elastance is a characteristic finding and reflects regional differences in disease severity. A 
successful volume reduction targeted at a diseased region should reduce heterogeneity and frequency dependence 

45 of elastance. Thus, reduction in frequency dependence of elastance can be used as an index of a successful BLVR 
procedure, and can be readily detemiined from the OVW measurement. It is expected that any measurement made 
Immediately following BLVR would underestimate the improvement that will become evident once a mature scar has 
formed. At that time, a 25-50% improvement in expiratory flow rates could be observed. Thus, any fibrin- or fibrinogen- 
based composition described above is within the scope of the invention if, when applied according to a BLVR procedure, 

so it produces a 25-50% Improvement In expiratory flow rates. 

[0067] Measurements of lung volumes, quasi-static pressure volume relationships, and lung resistance and dynamic 
elastance as functions of frequency were determined in three isolated, naive calf lungs before and after plication volume 
reduction. Dynamic recordings were made at 9-1 0 cm HgO mean transpulmonary distending pressure (PEEP = 5 cm 
H2O) via the OVW technique at tidal volumes of 10% of measured V^^ax- Small leaks present following plication were 

S5 sealed with cyanoacrylate glue. The estimated time between initial and post-reduction recordings was between 60 and 
90 minutes. 

[0068] Pre- and post-volume reduction lung physiology recordings In the isolated calf lung are summarized below In 
Table 1. 
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Table 1 : 



Static and Dynamic Lung Meclianics Measured in Isolated Calf Lungs Before and Following Plication Lung Volume 

Reduction 


Lung 


Raw (0.2 Hz) 
(cm HgO/L/sec) 


Rti (0.2 Hz) 
(cm HgO/L/sec) 


(cm HgO/L) 


Edyn Vmax (liters) 


pre 


post 


pre 


post 


pre 


post 


pre 


post 


1 


0.42 


0.48 


1.31 


1.30 


18.1 


22.2 


4.4 


3.8 


2 


1.10 


0.85 


1.60 


2.36 


26.3 


29.4 


3.6 


3.1 


3 


0.82 


0.88 


3.08 


2.92 


40.1 


36.2 


2.9 


2.7 




















Mean 


0.78 


0.74 


2.00 


2.19 


28.2 


29.2 


3.6 


3.2 


Std dev 


0.34 


0.22 


0.49 


0.82 


11.1 


7.0 


0.75 


0.56 



[0089] These results indicate that, in normal calf lungs, a 10-15% volume reduction (mean 11.1%) produces no 
20 significant change In dynamic etastance, airway resistance, or tissue resistance. They further demonstrate that detailed 
function can be measured in isolated lungs using the measurement system described herein and that successful pli- 
cation volume reduction can be perfonned on isolated lungs, which serve as controls for BLVR experiments. 

Example 2: Fibrinogen-based Anti -surfactants 

25 

[0070] Mechanical equilibrium across the alveoli and small airways is detemnined by a balance between distending 
, forces, which are exerted by transpulmonary gas pressure pushing outward, and recoil forces, which are exerted by 
parenchymal tissue structures arid the surface film lining the air liquid interface, both of which pull Inward and act to 
promote lung collapse. For the alveoli and small ainvays to remain patent during nomial breathing, destabilizing force 

30 perturbations must be balanced by intrinsic stabilizing forces. The tendency for the lung to resist destabillzation and 
atelectasis can be expressed in terms of two biomechanical properties: the bulk modulus (K) and the shear modulus 
(p). The value of K is proportional to the lung's ability to resist distortion resulting from forces directed perpendicular 
(or nomrial) to a region of tissue (Martinez ef a/.. Am. J. Resp. Crit. Care Med. 155 :1 984-1 990, 1 997), and the value of 
p is proportional to the lung's ability to resist distortion resulting from shearing forces imposed on a region of tissue 

35 (Stamenovic, Physiol Rev. 70:1 1 1 7-1 1 34, 1 990). The larger the values of K and p, the greater the tendency of intrinsic 
forces within the lung to resist external perturiDations and atelectasis. Conversely, any factors which lower K and p tend 
to promote alveolar instability and collapse resulting in atelectasis. The values of the shear and bulk moduli depend 
on both tissue and surface film properties and can be quantitatively expressed as (Stamenovic, Physiol Rev. 70: 
1117-1134, 1990): 

40 

K= 1/3 {(B-2).Pt,3} + 1/3 {(3b-l).P^} 

45 ji = (0.4 + 0.1B).P«3 + 0.4.P.y 

where B is a normalized elastance for the tissue components (elastin, collagen, and interstitial cells) of the lung; 
Ptb is the recoil pressure of tissue components in the absence of surface film recoil; b is a normalized elastance for 
the surface film at the air-liquid interface; and P^ is the recoil pressure of the surface film in the absence of tissue recoil. 
50 In the healthy lung, surface forces account for two-thirds to three-quarters of lung recoil, and thus the contribution of 
the P^ terms to the bulk and shear moduli are primarily responsible for determining stability. In emphysema, where 
tissue elements are destroyed and exert less recoil, the role of surface forces in determining parenchymal stability is 
of even greater importance. 

[0071] The primary goal of these experiments was to develop a biocompatible reagent that could be instilled bron- 
55 choscopically to produce site-specific alterations in surface film behavior so as to promote alveolar instability and 
collapse (i.e., to develop an anti-surfactant). This can be achieved If the liquid film lining the alveoli and small ainways 
undergoes a reduction in bulk and or shear moduli as a result of chemical modification. In essence, this requires a 
solution that can alter the surface tension lowering properties of native iung surfactant without producing other unde- 
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sired effects. From a biomedical perspective, the characteristic parameter of the surface film which can be most readily 
affected by such external chemical manipulation Is the dimenslonless film elastance prameter, b, which is equal to b'- 
(5y5A)(V/A), where y Is the surface tension of the film; A Is the area of the surface over which the film is spread, and 
b* is a proportionality constant that varies depending upon the geometry of the region in question. For normal lung 
5 surfactant (&y/SA)(V/A) (define as b* ^ b/b') assumes values of approximately 100-110. As b decreases {/.e. Sy5A 
becomes smaller or y becomes larger) within a given region, the local surface forces act more to destabilize rather 
than stabilize the alveoli. Thus, films with low elastance (relatively flat surface tension versus surface area profiles) or 
elevated surface tensions tend to promote destabilization. 

[0072] Examples of stable and unstable surface films displaying these patterns of behavior are shown in Figs. 3a 
10 and 3b. Fig. 3a shows a surface tension-surface area profile measured by pulsating bubble surfactometry (PBS) for 
normal surfactant at 1 mg/mt concentration Isolated from the lung of a normal guinea pig. It demonstrates both a positive 
film elastance {5y/dA > 0) and low minimum surface tension (y^ip < 3 dyne/cm). Such a film possesses positive values 
for the biophysical parameters b, K, and p and thus would promote stability in vivo. In contrast to normal surfactant, a 
sample isolated from an animal with acute lung injury and atelectasis following endotoxin infusion shows nearly zero 
IS elastance and an elevated minimum surface tension (Fig. 3b). This film has a bulk modulus of less than zero, and thus 
would promote alveolar instability and collapse. While these biophysical features are detrimental in the setting of acute 
lung injury, the ability to impose such features on a film in a controlled fashion is obviously desirable in conducting the 
present experiments. 

[0073] Because the dysfunction observed above occurs in vivo, characterizing the biochemical changes In surfactant 
20 that accompany this dysfunction will suggest biocompatible reagents that are useful in BLVR. Surfactant samples 
isolated from animals treated with lipopolysaccharide (LPS) are In large part dysfunctional as a result of alterations in 
interfacial properties due to mixing with serum proteins, which have entered the alveolar compartment across the 
damaged basement membrane (Kennedy et ai., Exp. Lung Res. 23:171-189, 1997). 

[0074] To determine whether fibrinogen solutions could be added to native surfactant to produce significant surface 
25 film dysfunction, calf surfactant was isolated by lavage and centrifugation from calf lungs provided fresh from a local 
slaughter house. Bovine fibrinogen was purchased commercially (Sigma Chemical Co., St Louis, MO). Stock solutions 
of each reagent were prepared in normal saline, and mixed at mg ratios (fibrinogen to surfactant phospholipid content) 
of 0.1 :1 , 0.5:1 , 1 .0:1 , 5.0:1 , and 1 0.0:1 . The results were compared to mixtures of calf lung surfactant and bovine serum 
albumin. 

30 [0075] Surface tension recordings were made by pulsating bubble surfactometry at 37°C, oscillation frequency of 
20 cycles/min, and area amplitude ratio of 72%, continuously, for 5 minutes (Enhorning, J. Appl. Piiysiol. 43:198-203, 
1 977), Based on measurements of surface tension versus surface area, values for the film stability parameter, (yS/SA) 
/(A/y), were determined and expressed as a function of protein to phospholipid concentration ratio. The results are 
summarized in Figs. 4a and 4b. These results suggest that fibrinogen is a more potent inhibitor of surfactant function 

35 than albumin and is able to generate marked surface film instability (expressed In tenms of the film stability criteria b*, 
at protein to lipid concentration ratios of less than 5:1). These concentration ratios are readily achievable in vivo using 
concentrated fibrinogen solutions. 

[0076] To test fibrinogen solutions in isolated calf lungs, stock solutions of bovine fibrinogen (Sigma Chemical, St. 
Louis, MO) in 5 mM Tris-HCI (pH 7.4) and partially purified thrombin in 5 mM Tris-HCI containing 5 mM CaCl2, were 

40 prepared. Mixing studies demonstrated that ratios of fibrinogen to thrombin of between 10:1 to 3:1 (mg:mg) resulted 
in polymerization within 3-5 minutes. A ratio of 10:1 was selected for whole lung testing. Isolated calf lungs were 
cannuiated, suspended from a ring clamp, and subjected to baseline lung volume and QSPVC measurements as 
described above. At zero transpulmonary pressure under direct bronchoscopic visualization, the bronchoscope was 
wedged in a distal subsegment approximately 5 mm in diameter The subtended surface was then lavaged with 50 mis 

45 of fibrinogen solution (10 mg/ml) injected through a P-240 polypropylene catheter passed through the suction port. 
The fibrinogen solution was stained with several drops of concentrated Evans blue to allow for ready identification of 
the target region. The catheter was then removed, and suction was applied directly through the suction port of the 
scope to complete the rinsing procedure. Lavage return averaged 28 mis in the 4 lavage procedures perfomned (56% 
return). The catheter was then replaced into the affected region and 4 mis of thrombin, in calcium containing buffer 

50 were instilled. A second lavage and polymerization procedure was then performed in a different subsegment. Repeat 
lung volumes and quasi-static pressure volume profiles were then recorded. The results are summarized in Table 2. 



Table 2: 



Effect of Fibrinogen Instillation and Polymerization on Lung Volumes 


Pre-instillation Volume (L) 


Post-instillation volume (L) 


Lung #1 


3.4 


2.9 
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Table 2: (continued) 



Effect of Fibrinogen Instillation and Polymerization on Lung Volumes 


Pre-lnstlllation Volume (L) 


Post-instlltation volume (L) 


Lung #2 


3.1 


2.8 



[0077] These data indicate that even without the addition of factor Xllla to promote clot stabilisation, reductions in 
lung volume were achieved that significantly exceeded the retained volume of polymerizing solution, indicating that 
10 sustained collapse had been achieved. 

Example 3: Fibrinogen- and Fibrin-based Solutions Containing Growth Factors 

[0078] Any potential anti-surfactant can be evaluated in the assay described above, which demonstrated that fibrin - 
IS ogen solutions possess many of the features desired for an anti-surfactant. In addition to the fibrinogen solution de- 
scribed above, one can use solutions that impart additional characteristics to compositions that can be used to perform 
BLVR in vivo. For example, the fibrinogen solution can be modified to support fibroblast growth and to serve as a 
reservoir for antibiotics. Any modified fibrinogen solution can be used in conjunction with factors that promote fibrosis 
so long as the fibrinogen maintains the ability to inhibit surfactant and undergo polymerization. 
20 [0079] Basic fibroblast growth factor (bFGF) and/or transforming growth factor-beta (TGFp) can be added to solutions 
^ of fibrinogen, as can an antibiotic mixture of ampicillin and gentamicin, which can be added in amounts sufficient to 
exceed the minimal Inhibitory concentration for most bacteria. 

[0080] in v/fro studies can be conducted to determine appropriate concentrations of factor XII (a relative to fibrinogen 
and thrombin, and assess how growth factors and antibiotics affect this final cross-linking step. The surface tension of 
25 surfactant fibrinogen mixtures can be measured in vitro using a commercially available pulsating bubble surfactometer 
(PBS) unit. Measurements of surface tension as a function of surface area can be perfomried at 37**C, oscillation 
frequency of 20 cycles/min, and a relative surface area change that approximates that of tidal breathing (5A/A = 
20-30%). 

[0081] Equilibrium and dynamic surface tension recordings can also be made. Recordings can be perfomried at 30 
30 seconds, 5 minutes, and 1 5 minutes to ensure that any surface film dysfunction observed initially is sustained through- 
out the measurement period. The stability of each filni preparation can be expressed in terms of b*, the dimensionless 
surface film elastance (SydA-A/y) described above normalized to b* values measured for native calf lung surfactant. 
Mixtures displaying normalized b* values of < 0.2 would be acceptable for additional testing as anti-surfactants. 
[0082] Calf lung surfactant can be isolated from whole calf lungs as previously described (Kennedy etai., Bxp. Lung 
35 Res. 23:1 71 -1 89, 1 997), and bovine fibrinogen, bFGF, factor Xllla transglutaminase, and TGF^ can be purchased from 
commercial suppliers (e.p., Sigma Chemical Co., St. Louis, MO). 

[0083] Surface tension behavior forsamples with fibrinogen:surfactant ratios ranging between 0.01 to 10 (mg protein: 
mg lipid) can be prepared in phosphate buffered saline (0.15 M, pH 7.3). The following six mixtures were chosen 
because they are representative of mixtures that may be useful in vivo, and they contain components of partially po- 
40 lymerized fibrin that may exist within the lung during the process of polymerization. Thus, they represent the behavior 
of partially polymerized mixtures in vivo and can be assessed to determine whether the ability of fibrinogen to inhibit 
surfactant function changes as it undergoes polymerization. 

[0084] Test mixtures will include surfactant (at 1 nng/ml) with appropriate amounts of: (1) fibrin monomer alone; (2) 
fibrin monomer with FGF andTGFp; (3) fibrin monomer with FGF, TGFp, ampicillin, and gentamicin; (4) fibrinogen with 

45 FGFandTGFP; (5) fibrinogen with FGF, TGFp, ampicillin, and gentamicin; and (6) fibrinogen with FGF, TGFp, ampicillin, 
gentamicin, and thrombin. Recordings will be discontinued for the samples that undergo polymerization during surface 
film measurements (thereby making measurements of yvs A impossible), and the time to polymerization will be noted. 
[0085] Clot stability can be tested in vitro on solutions of surfactant-fibrinogen mixtures containing antibiotics and 
growth factors which demonstrate sustained abnormalities in interfacial properties by PBS measurements. Factor Xllla 

so can be added to these samples to promote clot cross-linking. Clot stability at several concentrations of added factor 
Xllla can be examined by assaying for clot dissolution in 8 M urea (plasma clot lysis time). 

[0086] Both fibrin monomers and fibrinogen should cause significant alterations In surface film behavior (normalized 
b* values < 0.2) at protelniphosphollpid ratios > 4). Moreover, the addition of thrombin, antibiotics, or growth factors 
should not markedly alter the ability of fibrin compounds to inhibit surfactant function at the concentrations required for 
55 these reagents to function in vivo. If these additives do mari<edly alter the biophysics of the Interaction between sur- 
factant and fibrinogen/fibrin, alternative reagents (or alternative reagent concentrations), can readily be considered. 
[0087] A stable long term state of atelectasis with scarring within the targeted region is necessary to prevent subse- 
quent partial or complete re-expansion following BLVR. This state can be achieved by using a biopolymer that promotes 
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ingrowth of fibroblasts from adjacent regions within the lung and causes deposition of extracellular nnatrix (ECM) com- 
ponents. The procedures described below can be used to examine the ability of fibrin polymers containing varying 
concentrations of growth factors to stimulate fibroblast ingrowth. More specifically, they can be used to examine the 
ability of polymers with varying concentrations of growth factors to promote both initial cell attachment and subsequent 
s growth. 

[0088] Cell culture plates are coated with a mixture of fibrinogen, antibiotics, FGF (both with and without TGPP), and 
the mixture is polymerized by addition of a small amount of thrombin. The plates are then washed with sterile Eagle's 
minimal essential medium to remove excess reagents and thrombin, and sterilized by overnight exposure to ultraviolet 
irradiation. Six types of. plates are examined initially: the first and second are coated with fibrin polymer, antibiotics, 
10 and FGF at either a low or high concentration; the third and fourth are coated with fibrin polymer, antibiotics, and TGFp 
at either low or high concentration; and the fifth and six are coated in similar fashion but contain both growth factors 
at either low or high concentrations. 

[0089] Strain IMR-90 (human diploid fibroblasts available from the American Type Culture Collection, Manassas, 
VA) are cultured in minimal essential tissue culture medium containing 10% fetal calf serum. Cells are brought to 80% 

15 confluence following initial plating, then harvested and passed twice In serum free media (MCDB-104, Gibco 
82-5006EA, Grand Island, NY). Established cultures are then sub-cultured onto coated 6-well plates at an initial density 
of 1 0^ cells/ml. Attachment efficiency (AE) for each coating mixture is assessed at 4 hours following plating by removing 
excess media, rinsing the wells In culture free media, and fixing each well with 70% histologic grade ethanol (Fisher 
Scientific, Pittsburgh, PA). Wells are stained with Geimsa, and the average number of cells attached per high power 

20 field (hpf) is determined by light microscopy. Twenty fields per well will be assessed in a blind study. Six wells per 
coating will be averaged to determine final counts, and the results will be compared to those of control samples plated 
on tissue culture plastic. Attachment efficiency will be expressed as an index (AEI) equal to the ratio of the number 
cells/hpf in experimental samples to the number of cells/hpf In control samples. Cell growth on each of the six biopolymer 
mixtures is assessed by determining the total number of cells present at 48 hours following plating. Cell growth is 

25 expressed In terms of a growth efficiency Index (GEI) equal to the total number of cells at 48 hours for each sample 
normalized to the total number of cells at 48 hours of growth on tissue culture plastic. Cells are harvested and counted 
by removing the media from each well, and rinsing the well with calcium/magnesium free Hank's solution. The media 
will be saved for cell re-suspension. One ml of 0.2% trypsin solution is added to each well, and the cells are incubated 
for 2 minutes. Trypsin is then removed, and the adherent cells washed from the plate using the previously harvested 

30 media, which acts to inhibitfurthertrypsin activity. The extent of residual cell adhesion is assessed by direct visualization 
using an inverted microscope. Residual adherent cells are removed by a second trypsin wash and total cell counts are 
obtained using a hemocytometer 

[0090] Cell attachment to a fibrin polymer should be equivalent to, or better than, that observed on tissue culture 
plastic. If cell attachment Is poor using fibrin alone, the fibrinogen will be mixed with 3-5% f ibronectin and polymerized. 
35 Fibronectin has fibrin binding sites at both its amino and carboxyl temiini, with a central cell binding domain which Is 
recognized by most adherent cells expressing p1 integrins. Addition of fibrinogen should result in improved cell adhe- 
sion. 

[0091] GEI should also be increased in preparations containing bFGF at low and high concentrations, but may be 
decreased in preparations containing TGpp because of the suppressant effects of TGFp on cell proliferation. However, 
40 it should be possible to overcome any suppressant effects observed using TGF^ by using a combination of bFGF and 
TGFp. This combination has the potential to promote both cellular Ingrowth and increase collagen and fibronectin 
deposition with scar formation. If bFGF is not able to overcome the and-proliferative effects of TGFp, platelet derived 
growth factor (PDGF) may be used. 

45 Example 4: A Sheep Model for Emphysema 

[0092] Work in live animals can help establish the effectiveness, safety, and durability of BLVR. The sheep model of 
emphysema described here displays many of the physiological, histological, and radiographic features of emphysema. 
In preliminary studies, six adult ewes (weighing 27-41 kg) were treated with inhaled nebulized Papain, a commercially 
50 available mixture of etastase and collagenase, administered via a muzzle-mask using two high flow nebulizer systems 
connected in parallel. The system generates particles 1-5 microns in diameter. Each animal received 7,000 units of 
enzyme in saline over a 90 minute period at 0.3 ml/min. Approximately 30-40% of the total dose administered in this 
fashion was deposited at the alveolar level. One animal, which received saline according to a similar protocol, served 
as control. 

55 [0093] All animals undenwent detailed measurements of lung function before, and at monthly intervals after, inhalation 
treatments. The post-treatment assessment was continued for 3 months. Recordings were made following adminis- 
tration of anesthesia during controlled ventilation. Transpulmonary pressure was recorded using a pressure transducer, 
which recorded the pressure difference between the airway opening and the intrathorack; pressure measured using 
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an esophageal balloon. Flow at the mouth was measured using a pneumotachograph attached to the proximal end of 
the endotracheal tube. Measurements of lung resistance, static lung compliance, and dynamic lung compliance were 
perfomned. After 3 months, all animals were sacrificed, and lung sections were prepared for histopathological evalua- 
tion. 

[0094] The results of static and dynamic lung compliance measured prior to exposure to Papain and at 3 months 
following Papain treatment, are summarized In Figs. 5a and 5b. Static lung compliance Increased significantly from 
0.13 ± 0.02 to 0. 18 ± 0.03 Ucm HgO (p = 0.012, n=6), indicating disease heterogeneity and gas trapping. 
[0095] Physiological changes correlated with a semi-quantitative assessment of emphysema were also assessed 
histologically. In a blind study, eight sections (one per lobe) from each animal were scored as follows: 0 = no emphy- 
sema; 1 = mild emphysema; 2 = moderate emphysema; 3 = severe emphysema. A total score was determined as the 
average from eight sections prepared from each animal. Total lung resistance tended to increase with emphysema 
severity score, although this correlation was not statistically significant due to the presence of one outlier, and the small 
number of animals studied. Dynamic compliance did correlate inversely with emphysema severity score in a significant 
fashion (Figs. 6a and 6b). 

Example 5: In Vivo Application of BLVR 



20 



25 



30 



35 



[0096] Induction of emphysema in sheep, as described above, provides an excellent model in which to test both the 
safety and efficacy of BLVR. In the studies described below, eight sheep having emphysema were analyzed; four did 
not receive treatment and four were treated with BLVR. Measurements were performed: (1 ) at baseline prior to papain 
exposure; (2) eight weeks following papain exposure (at which time all animals had developed emphysema) and; (3) 
six weeks following either sham bronchoscopy without lung volume reduction (control) or BLVR performed with a fi- 
brinogen-based composition (experimental). More specifically, the experimental animals were treated with a fibrinogen- 
based solution containing 5% fibrinogen, which was subsequently polymerized with 1 000 units of thrombin in a 6 mM 
calcium solution. 

[0097] All animals demonstrated physiological evidence of emphysema with increased lung resistance, increased 
dynamic elastance, Increased total lung volumes, and changes in static pressure volume relationships consistent with 
mild to moderate emphysema. Thus, papain therapy administered via nebulizer, as described above, caused emphy- 
sema. 

[0098] After six weeks, animals with papain-induced emphysema that did not receive any therapy had persistent 
increases in lung resistance (125% at nomnal breathing frequency compared to pre-treatment baseline) and dynamic 
elastance (31% at nomnal breathing frequency compared to pre-treatment baseline). Static lung behavior remained 
mari<edly abnormal compared to baseline, with lung volumes increased 33% compared to pre-treatment baseline. 
These results are summarized below In Table 3 and shown in Fig. 7. 

TABLE 3 



Treatment 


RL (cmHaO/L^sec) at f= 1 0 b/ 
min 


EL (CM HgO/L) at f=10 b/min 


Raw (cm H20/L/sec) 


Baseline 
(n=8) 


1.71 ±0.36 


10.85 ±2.78 


0.50 ± 0.23 


Post- Papain 
(n=8) 


3.03 ±0.47 


13.51 ±3.81 


1.17 ±0.39. 


Statistical Significance 


p = 0.041 


p = 0.20 


p = 0.029 



SO 



[0099] In contrast, after six weeks, animals treated with BLVR experienced a significant reduction in airway resist- 
ance, In total lung resistance at normal breathing frequency, in total lung capacity, and in resting lung volumes. These 
results, which are summarized in Table 4, indicate a significant improvement in lung physiology compared to pre- 
volume reduction, and a signifrcant improvement relative to untreated animals. 



TABLE4 



55 


Experimental Group 


Raw (cm HgO/U 
sec) 


RL (cmHgO/Usec) 
at f=10 b/min 


FRC (liters) resting 
lung volume 


TLC (liters) 
maximum lung 
volume 




Pre-treatment 
volume reduction 


0.61 ± 0,31 


3.47 ± 1.14 


1 .27 ± .031 


3.31 ±0.62 
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TABLE4 (continued) 



10 



Experimental Group 


Raw (cm H20/Ly 
sec) 


RL (cmH20/Lysec) 
atf=10 b/min 


FRC (liters) resting 
lung volume 


TLC (liters) 
maximum lung 
volume 


Post-treatment 
volume reduction 


0.82 ± 0.31 


1 .85 ± 0.57 


0.97 ±0.21 


2.85 ± 0.71 


Control following 
sham treatment 


1.14± 1.22 


3.21 ± 0.97 


0.80 ±0.31 


2.76 ± 0.49 



[0100] Moreover, all animals treated by BLVR tolerated the procedure well. They were able to breathe without ven- 
tilator support within one hour of completion of the procedure, and all animals were eating and drinking normally within 
24 hours. One of four animals developed a fever, which lasted two days, and was easily managed with five days of 
15 Intramuscular antibiotic therapy. No other complications were noted. Thus, the ptysiological response to BLVR was 
very positive. 

Example 6: The Effect of ECM Components on the Properties of Fibrin Gels 

20 [0101] The effects of CS, HA, Fn, and PLL on: the mechanical properties of solutions that promote tissue collapse 
or tissue adhesion; the rate at which solutions polymerize; and the ability of such solutions to support fibroblast growth 
have been studied. To characterize the mechanical properties, circular gels were formed In 12-well cell culture dishes, 
gel strips (4x4x10 mm) were excised using a razor blade, and the elastic (H) and dissipative moduli (G) of the strips 
was measured as they were stretched using a servo-controlled computerized length actuator system and coupled force 

25 transducer device. In addition, the stress at yield (Yg) for each preparation was measured to assess strength and 
durability under conditions of uniaxial stretching, and fatigue was tested with a solution containing CS and PLL (see 
below). This solution exhibited desirable mechanical properties. Polymerization rates (kp) were estimated using a stop 
watch and defined as the inverse of the amount of time required to inhibit the rotation of a small, magnetic mixing bar 
rotating within the solution at 4tc radians/second at the time polymerization was initiated. Cell culture studies were 

30 performed by growing fibroblasts (WS-1 transformed human fibroblast cell line) on pre-formed gels, as well as within 
gels polymerized after mixing fibrinogen reagents with fresh cell suspensions. To assess cell proliferation, the number 
of cells present per 10 high-power fields was counted after plating at a uniform cell concentration and the MTT cell 
proliferation assay was performed. 

[0102] All ECM components tested were soluble in tibrinogen dissolved in buffered saline at pH 7.4, although the 
35 solution required wanning to dissolve HA. Fibrin gels were prepared using aqueous bovine fibrinogen (fraction VII, 
Sigma Chemical Co., St. Louis MO) at a final concentration of 3%, 2.5 mM CaCl2 and 0.025 mM dipalmltoylphosphati- 
dylcholine (DPPC). Calcium and DPPC concentrations were determined in preliminary work performed to optimize 
polymerization rates of fibrinogen. Polymerization was effected using thrombin at 100 units/ml of fibrinogen solution 
(3.3 units of thrombln/mg fibrinogen). CS, PLL, and HA were tested at 0.01 , 0.1 , and 0.3 % (relative to fibrinogen) by 
40 weight. Fn was tested at 0.001 andO.01%. Results were compared to fibrin gels without additives, and with commercially 
available fibrin glue marketed as a tissue sealant (Baxter Phamriaceuticai, TisseaF'^). Samples were tested within 30 
minutes of gel fonnation, and at 24, 48, and 1 68 hours after gel formation while maintained in aqueous solution at room 
temperature. 

[0103] The effects on mechanical properties of adding extracellular matrix components to fibrin gels are summarized 
45 in Figs. 8a and 8b. The addition of low molecullar weight HA decreased kp (slowed polymerization) significantly, while 
CS, PLL, and Fn had no effect on polymerization rates. The addition of CS (at 0.1 and 0.3%) and PLL (0.05%) increased 
gel elastance (H) about 55% and 50% respectively, while addition of HA had no effect. Changes in dissipative behavior 
(G) of the gel strips paralleled elastic behavior closely such that the ratio of dissipative to elastic moduli, eta (t| = G/H) 
remained relatively constant for all preparations (range of t) 0.1 to 0.15 for all samples). Gel yield stress was markedly 
50 Improved by addition of 0.05 % PLL, but was not significantly affected by addition of other components. 

[0104] Polymerization rates and mechanical properties of fibrin gels containing single additives were used to develop 
gel combinations that contained agents theorized to promote macrophage and fibroblast chemotaxis and collagen 
deposition, A final gel combination containing 0.1% CS, 0.1% PLL, 0.1% HA, and 0.01% Fn polymerized rapidly, re- 
tained its mechanical properties after one week in saline solution, resisted rupture during repeated stretching and 
55 distortion . Moreover, these properties were bestowed by agents that modulate the behavior of cells in the area of tissue 
collapse. 

[0105] Fig. 9 summarizes tests for fatigue in which a standard fibrin gel was compared with a fibrin gel containing 
0.05% PLL and 0.1% CS. The modified fibrin gel demonstrates a higher yield stress and a greater ability to resist 
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fatigue related failure when tested during repeated sinusoidal cycling over a range of strain amplitudes. As shown in 
Fig. 9, gel strips composed of fibrin atone demonstrated ductile rupture at much lower percentage strains than a fibrin 
solution containing PLL and CS. The "infinite" life of the modified fibrin glue preparation, represented by the percentage 
strain below which failure does not occur, Is significantly greater (32% strain) than that of standard fibrin glue (10% 
5 strain). 

[0106] Fibrin gel preparations were also tested for their ability to support fibroblast growth not only on their surface, 
but also within the polymer mixture at the time of polymerization. Cell proliferation was assayed by counting the number 
of cells in 10 high-power fields and by performing an MTT (3, 4, 5, dimethyl-thia2ol-2-yl-2,5, diphenyltetrazolium bro- 
mide) dye proliferation assay. Assays were perfomied 96 hours after culture initiation at an Initial plating density of 2 

10 X 10^ cells/well. Assays were performed using WS-1 human fibroblasts, as well as 3T3 murine fibroblasts obtained 
from the American Type Cell Culture Collection (ATCC; Manassas, VA). Counts were nomialized to those measured 
on standard tissue culture plastic. The results obtained by the two assays (cell counting and MTT) were similar (Figs. 
10a and 10b). Compared to growth on tissue culture plastic, cell proliferation was accelerated for both WS-1 and 3T3 
grown when grown on top of fibrin gels. CS (0.1% and 0.3%), Fn (0.001 and 0.01%), and HA (0.1 and 0.3%) had no 

f5 additional effect on cell growth rates above that observed for fibrin gels alone (Fig. 10a, left panel). Conversely, none 
of these additives had an adverse effect on cell proliferation. Studies in gels (Fig. 10b) demonstrated that CS (0.1%) 
and Fn (0.01%) both promote fibroblast proliferation relative to fibrin gels without additives and relative to those con- 
taining HA. The combination of CS and Fn had the most dramatic effect. Histomicrographs of WS-1 fibroblasts In gels 
demonstrate that CS and Fn together promote fibroblast proliferation and organotypic organization. Thus, addition of 

20 this combination of ECM components promotes both fibroblast proliferation and cellular organization into linear and 
cross-linked arrangements suggestive of organotypic growth patterns. Therefore, fibrin gels containing CS (0.1%) and 
Fn (0.01%) promote fibroblast proliferation and organotypic organization and growth patterns. PLL significantly im- 
proves the mechanical properties of fibrin gels by increasing elasticity and resistance to fracture. Because HA slows 
polymerization rates without clearly improving the mechanical properties of fibrin-based gels or promoting macrophage 

25 chemotaxis in vitro, HA may be a better additive for the "anti-surfactant" washout solution than the fibrin glue itself. In 
vivo studies presented below support this conclusion. 

Example 7: "Living" Bio-polymers 

30 [0107] The studies described above, which demonstrate that lung fibroblasts can be cultured within modified fibrin 
gels, indicate that gels containing cells harvested from a patient's target tissue, another of the patient's tissues, a 
different human {e.g. a relative or an organ donor), or a fetus (e.g., fetal lung tissue) can be used to achieve targeted 
lung volume reduction. Thus, for a human patient with emphysema, fibroblasts harvested from a skin biopsy, exposed 
in vitroto specific growth factors, and administered to the lung using the fibrin-based glues of the Invention (which may 

35 or may not contain the agents described above, such as components of the ECM) could be used to effectively achieve 
tissue volume reduction and promote focal scarring. The type of cells used may vary depending on the objective to be 
achieved. For example, a combination of the patient's own lung cells and stem cells (perhaps obtained from fetal tissue) 
could be used to reduce lung volume and promote the growth or re-growth of pulmonary tissues. 

40 Example 8; In wVo studies using fibrin-based solutions containing 

[0106] Many of the solutions described herein have been tested for safety, biocompatibility, and utility in lung volume 
reduction in intact animals. Safety and biocompatibility were tested in sheep that did not have pulmonary disease (/. 
e., the sheep had not been exposed to papain, which causes a condition like emphysema). The animal's baseline lung 

45 function (including lung volumes and static pressure volume inflation curves) was measured at time zero {i.e., prior to 
treatment) and during the weeks following treatment. All animals were anesthetized with ketamine and Valium, and 
were maintained with intravenous Propofol. An esophageal balloon was placed to measure intrathoracic pressure. 
Animals were maintained on mechanical ventilator support through the measurement periods. Between tests, animals 
were returned to their cages and allowed to eat and drink without restriction. 

so [0109] The whole animal experiments described above were modified as follows. Previously, 50 mis of fibrin glue 
was used to seal each subsegmental target region, but in the present study only 10 mis of fibrin solution was used in 
each region (the focus being on biology rather than biomechanics and the aim being to limit abscess formation). Saline 
washout combined with unmodified fibrin glue (n=2) was compared to a modified washout solution (1 0% ethanol, 0.5% 
fibrinogen, 0.3 % low molecular weight hyaluronic acid, and 0.01% fibronectin) combined with a fibrin glue containing 

55 0.1% CS, 0.1% PLL, and 0.05% HA (n=4). The results are summarized in Fig. 11, where the relationship between 
pressure and volume is expressed according to the exponential fit equation of Salazaar and Knowles: 
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where Vmax = t^^^' '^"9 capacity at maximum distending pressure; V^iip = residual lung volume at zero distending 
s pressure; and k Is the shape factor describing the shape of the exponential relationship between pressure and volume. 
Comparisons of Vf^ax' ^min* ^ P^^' post-treatment for saline + fibrin glue treated animals, and modified washout 
+ modified glue treated animals are shown. In saline + fibrin glue treated animals, no differences were noted in maximum 
lung volumes (V^a^ = 3.6±0.28 L pre to 3.49±0.62 L post), minimum lung volumes (V^,n = 1 .22±0.1 8 L pre- to 1 .28±0.21 
L post), or shape factor (k= 0.19±0.02 pre to 0.1 9± 0.05 post). In animats treated with washout solutions and glue as 
w described above to promote fibroblast growth, chemotaxis, and collagen deposition decreases in (3.61 ±0.31 L 
pre- to 3.15±0.22 L post; p=0.1 by paired t test) and V^^in (1 .69±0.31 L pre- to 1 .22±0.23 L post-; p =0.007) were noted, 
but k (0.14±0.02 pre- to 0.15±0.04 post-) remained unchanged. 

[0110] Examples of individual quasi-static pressure volume relationships from a saline washout + fibrin animal and 
a modified washout + modified glue animal are shown in Figs. 12a and 12b. Animals treated with saline + fibrin glue 
f5 alone demonstrated no decrease in lung volumes as a result of therapy. By contrast, animals treated with modified 
washout + glue demonstrated a marked reduction in both ^/^^x "^min' down and rightward shift in the entire 
pressure volume relationship indicating an overall decrease in lung volume. 

[0111] In contrast to the study in which all animals treated with 50 mis of fibrin glue required oxygen post procedure, 
and 2 of 4 animals required antibiotics for fever, none of the animals in either the saline or the modified washout + glue 
20 treatment groups required oxygen or antibiotics. Furthennore, necropsy studies on treated lungs showed no evidence 
of abscess formation. 

[0112] These data indicate that the modified surfactant washout solutions and fibrin glues described herein can be 
used to achieve safe and effective volume reduction therapy. They support the studies showing that effective tissue 
reduction therapy in the lung can be achieved without surgery using biocompatible glues and also establish the viability 
25 of approaches using agents that modulate specific aspects of the biology of lung fibroblasts, alveolar cells, macro- 
phages, and endothelial cells. 

Example 9: Modified fibrin-based glues can sea! air leaks in the lung 

30 [0113] The studies that follow demonstrate that the solutions of the invention can effectively seal air leaks in the lung. 
The mechanical properties of the solutions described herein are superior to other fibrin-based preparations and allow 
the novel solutions of the present invention to resist fracture during repeated distortion (Fig. 9). Patients undergoing 
chest surgery will benefit from the use of modified fibrin-based glues for sealing air leaks. Chest surgery is common. 
More than a quarter of a million patients undergo this type of surgery every year due to, for example, resection of lung 

35 nodules and cancers, resection of tissue for conflmiing a diagnosis of an unknown lung disease, and resection of 
chronic Infections refractory to conventional medical therapies. Because lung tissue is delicate, leaks resulting from 
tissue tearing are common following surgery. The reported incidence is 25-40%. Tears in the lung require long periods 
to heal, especially in patients with severe underlying lung disease, and prolonged air leaks contribute significantly to 
morbidity and mortality. 

40 [01 1 4] The application of the fibrin glues described herein, particularly those modified to include components of the 
ECM, can be applied either as primary therapy for preventing leaks in general thoracic surgery cases, or secondarily 
to seal existing or persisting leaks, whether they have arisen from prior surgery or intrinsic disease 
[0115] The leaking region can be identified with a dual balloon finder-injection catheter system (Figs. 14a and 14b). 
Once the region has been identified and isolated, solutions can be injected distally to effect sealing. These solutions 

45 can be identical to those used for effecting volume reduction since the same polymerization, biocompatibility, mechan- 
ical, and bioiogicai characteristics are desirable in both instances. 

[0116] Studies have been conducted in isolated calf lungs using the dual balloon finder-injector and modified fibrin 
glues to identify, localize, and seal pleural leaks. As described above and shown in Figs. 8a, 8b, and 9, the addition 
of biocompatible polymers within fibrin matrices markedly strengthens the resulting gel-polymer, and reduces gel f rac- 

50 ture during cyclic fatigue (which simulating airway-related stress). These preparations are significantly stronger and 
more durable in vitroXhan conventional fibrin glues. The modifications required to Increase the mechanical strength of 
the glues did not adversely affect the polymerization rates of the gels. Thus, accurate and timely delivery is preserved. 
[01 17] In three separate isolated bovine lung experiments, these glues completely sealed 1 3 of 1 7 air teaks following 
administration through the finder-injector catheter system. The leaks were sealed up to distending pressures of 50 cm 

55 HgO. Glue administration reduced the extent of leakage in all cases, as assessed by a decrease in flow through the 
leak at a fixed distending pressure (of 50 cm HgO). 
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Other Embodiments 

[01 1 8] White the compositions and methods of the present invention are particularly suitable for use in humans, they 
can be used generally to treat any mammal (e.g., farm animals such as horses, cows, and pigs and domesticated 

s animals such as dogs and cats). 

[0119] In addition, the compositions described above can be usefully applied to a variety of tissues other than the 
lung. For example, they can be applied to seal leaks of cerebrospinal fluid; to seal anastomoses of native and prosthetic 
vascular grafts (Including those associated with the Implantation of prosthetic valves such as mitral valves); in diagnostic 
or interventional procedures or endoscopic or orthopedic procedures involving the intentional or accidental puncture 

10 of a vessel wall; in plastic surgery; and in highly vascular cut tissue (e.g., the kidneys, liver, and spleen). The compo- 
sitions described above can also be applied to accelerate healing In diabetics and to treat septic wounds of longstanding 
resistance to standard approaches, including antibiotic-resistant bacterial infections. 



IS Claims 

1. Use of a physiologically acceptable composition comprising fibrin, fibrin monomer, or fibrinogen and a fibrinogen 
activator for the manufacture of a medicament for use in adhering one portion of a collapsed region of a lung to 
another in the course of a non-surgical lung volume reduction procedure. 

20 

2. Use according to claim 1 in which the composition comprises 3-12% fibrinogen. 

3. Use according to claim 1 or claim 2 in which the composition comprises 1 0% fibrinogen. 

2s 4. Use according to claim 1 in which the composition comprises fibrin or a fibrin monomer. 

5. Use according to claim 4, wherein the fibrin monomer is a fibrin t monomer, a fibrin II monomer, a des BB fibrin 
monomer, or any mixture or combination thereof. 

30 6. Use according to any one of the preceding claims in which the composition further comprises hyaluronic acid (HA). 

7. A physiologically acceptable composition comprising chondroitin sulfate (CS), fibronectin (Fn), poly-L-Iysine, or a 
peptide consisting of proline and hydroxyproline and 

35 a. fibrinogen or 

b. a fibrin monomer or ' 

c. a fibrinogen activator. 

40 

8. A physiologically acceptable composition comprising a vasoactive substance and 

a. fibrinogen or 
45 b. a fibrin monomer or * 

c. a fibrinogen activator. 

9. A composition according to claim B, wherein the vasoactive substance is endothelin, epinephrine, or norepine- 
50 phrine. 

10. A physiologically acceptable composition comprising a pro-apoptotic agent and 

a. fibrinogen or 

55 

b. a fibrin monomer or 

c. a fibrinogen activator. 
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11. A composition according to ctainn 10, wherein the pro-apoptotic agent is sphingomyelin, Bax, Bid, Bil<, Bod, Bim, 
caspase-3, caspase-8, caspase-9, or annexin V. 

12. A composition according to any one of claims 7 to 11 comprising 3-12% fibrinogen. 

13. A composition according to any one of claims 7 to 12 comprising 10% fibrinogen. 

14. A composition according to any one of claims 7 to 11 , wherein the fibrin monomer is a fibrin I monomer, a fibrin II 
monomer, a des BB fibrin monomer, or any mixture or combination thereof. 



15. A composition according to any one of claims 7 to 11 , wherein the fibrinogen activator is thrombin. 

16. A composition according to any one of claims 7 to 15, further comprising an antibiotic. 

15 17. A composition according to any one of claims 7 to 1 6, further comprising factor Xllla transglutaminase. 

18. A composition according to any one of claims 7 to 17, for use in reducing lung volume in a patient. 

19. Use of a composition according to any one of claims 7 to 17 for the manufacture of a medicament for reducing 
20 lung volume in a patient. 

20. A device for performing lung volume reduction, the device comprising a bronchoscope having a working channel 
and a catheter that can be inserted into the working channel, wherein the catheter comprises a first port having a 
proximal end adapted for connection with a gas supply and in communication with an internal lumen that terminates 

25 within an inflatable balloon, and second and third ports, each of which has a proximal end adapted for connection 

with a source of a material and communicates with an internal lumen that terminates at an open distal tip of the 
catheter. 

21. A device according to claim 20, further comprising a container for material having a plurality of chambers, the 
30 chambers of the container being connectable to the lumens of the catheter. 

22. A device according to claim 21 , wherein the material is a composition according to any one of claims 7 to 15. 

23. A device according to claim 21 or claim 22, wherein the catheter comprises two lumens and the container comprises 
35 two chambers. 

24. A device according to any one of claims 20 to 23, further comprising an injector 

25. A device according to any one of claims 20 to 24, wherein the bronchoscope has a working chamber comparable 
^0 in size and shape to the size and shape of the catheter. 

28. A respiratory catheter system, the system comprising an outer sheath defining the first lumen, the outer sheath 
including a fixation member for locating the outer sheath in the bronchial tree, and an inner sheath configured to 
be movably received within the first lumen, the inner sheath being defined by a pair of lumens each for receiving 

45 one of a first and second components of a glue. 

27. A respiratory catheter system, the system comprising a sheath defining four lumens, wherein the first and second 
lumens receive the first and second components of a glue and extend from the proximal end of the catheter to the 
distal tip of the catheter, and the third and fourth lumens extend from the proximal end of the catheter to fixation 
so members positioned along the shaft of the catheter, one fixation member being positioned closer to the distal tip 

of the catheter than the other. 



PatentansprUche 

55 

1. Verwendung einer physiologisch akzeptablen Zusammensetzung, umfassend Fibrin, Fibrinmonomer Oder Fibri- 
nogen und einen Fibrinogenaktivator zur Herstellung eines Medikamentes zur Verwendung beim Ankleben eines 
Teils einer kollabierten Lungenregion an einen anderen im Laufe eines nicht operativen Lungenvolumenredukti- 
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onsverfahrens. 

2. Verwendung nach Anspruch 1 , wobei die Zusammensetzung 3-1 2 % Fibrinogen umfasst. 

3. Verwendung nach Anspruch 1 Oder Anspruch 2, wobei die Zusammensetzung 10 % Fibrinogen umfasst. 

4. Verwendung nach Anspruch 1 , wobei die Zusammensetzung Fibrin oder ein Fibrinmonomer umfasst. 

5. Verwendung nach Anspruch 4, wobei das Fibrinmonomer ein Ftbrin-I-Monomer, ein Fibrin-li-iy^onomer, ein 
des-BB-Fibrinmonomer oder eine IVIIschung oder Kombination davon ist. 

6. Verwendung nach einem der vorherigen AnsprQche, wobei die Zusammensetzung ferner Hyaiuronsfture (HA) 
umfasst. 

7. Physiologisch akzeptable Zusammensetzung, umfassend Chondroitinsuifat (CS), Fibronelctin (Fn), Poly-L-Lysin 
Oder ein Peptid, bestehend aus Prolin und IHydroxyproiin, und 

a. Fibrinogen oder 

b. ein Fibrinmonomer oder 

c. einen Fibrinogenalctivator. 

8. Physiologisch alczeptable Zusammensetzung, umfassend eine vasoaktive Substanz und 

a. Fibrinogen oder 

b. ein Fibrinmonomer oder 

c. einen Fibrinogenalctivator. 

9. Zusammensetzung nach Anspruch 8, wobei die vasoalctive Substanz Endotheiin, Epinephrin oder Norepinephrin 
ist. 

10. Physiologisch akzeptable Zusammensetzung, umfassend ein pro-apoptotisches M'ltXel und 

a. Fibrinogen oder 

b. ein Fibrinmonomer oder 

c. einen Fibrinogenaktivator. 

11. Zusammensetzung nach Anspruch 1 0, wobei das proapoptotische Mittel Sphingomyelin, Bax, Bid, Bik, Bod, Bim, 
Caspase-3, Caspase-8, Caspase-9 oder Annexin V ist. 

12. Zusammensetzung nach einem der Anspruche 7 bis 11 , umfassend 3-12 % Fibrinogen. 

13. Zusammensetzung nach einem der Anspruche 7 bis 12, umfassend 10 % Fibrinogen. 

14. Zusammensetzung nach einem der AnsprQche 7 bis 11, wobei das Fibrinmonomer ein Fibrin-i-Monomer, ein Fi- 
brin- ll-IVIonomer, ein des BB Fibrinmonomer oder eine belieblge Mischung oder Kombination davon ist. 

15. Zusammensetzung nach einem der Anspruche 7 bis 11, wobei der Fibrinogenaktivator Thrombin ist. 

16. Zusammensetzung nach einem der Anspruche 7 bis 15, ferner umfassend ein Antibiotikum. 

17. Zusammensetzung nach einem der AnsprQche 7 bis 16, ferner umfassend Faktor-Xiiia-Transglutaminase. 

18. Zusammensetzung nach einem der Anspruche 7 bis 1 7 zur Verwendung bei der Reduzterung des Lungenvolumens 

eines Patienten. 

19. Verwendung einer Zusammensetzung nach einem der Anspruche 7 bis 17 zur Herstellung eines Medikamentes 
zur Reduzierung des Lungenvolumens eines Patienten. 
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20. Vorrichtung zur Durchfuhrung einer Lungenvolumenreduktion, wobei die Vorrichtung ein Bronchoskop mit einem 
Arbeitskanal und einen Katheter umfasst, der in den Arbeitskanal eingefuhrt werden kann, wobei der Katheter 
eine erste Offnung mit einem proximalen Ende umfasst, das fur den Anschluss an eine Gaszufuhr vorgesehen ist, 
und in Verblndung mit einem Innenlumen, das in einem aufblalibaren Ballon endet, und eine zweite und drine 
Offnung umfasst, die Jewells ein proximales Ende haben, das fOr einen Anschluss an eine Materiaiquelle vorge- 
sehen ist, und mit einem Innenlumen verbunden sind, das an einer offenen distalen Spitze des Katheters endet. 

21. Vorrichtung nach Anspruch 20, femer umfassend einen Materialbehalter mit einer Mehrzahi von Kammern, wobei 
die Kammern des BehSlters mit den Lumen des Katheters verbunden werden konnen. 

22. Vorrichtung nach Anspruch 21 , wobei das Material eine Zusammensetzung nach einem der Anspruche 7 bis 15 ist. 

23. Vorrichtung nach Anspruch 21 Oder Anspruch 22, wobei der Katheter zwei Lumen umfasst und der BehSlterzwei 
Kammern umfasst. 

24. Vorrichtung nach einem der Anspruche 20 bis 23, ferner umfassend einen Injektor. 

25. Vorrichtung nach einem der Anspruche 20 bis 24, wobei das Bronchoskop eine Arbeitskammer hat. die Im Hinblick 
auf GroBe und Gestalt mit der GroBe und Gestait des Katheters vergleichbar ist. 

26. Respiratorisches Kathetersystem, das Folgendes umfasst: eine AuBenhuile, die das erste Lumen definiert, wobei 
die AuBenhuile ein Fixierungselement beinhaltet, urn die AuBenhuile im Bronchialbaum zu platzieren, und eine 
innenhuHe, die so konfiguriert Ist, dass sie beweglich in dem ersten Lumen aufgenommen werden kann, wobei 
die innenhulle durch ein Lumenpaar definiert ist, die Jewells eine aus einer ersten und einer zweiten Klebstoffkom- 
ponente aufnehmen. 

27. Respiratorisches Kathetersystem, das eine Huile umfasst, die vier Lumen definiert, wobei das erste und das zweite 
Lumen die erste und die zweite Komponente eines Klebstoffs aufnehmen und sich von dem proximalen Ende des 
Katheters zur distalen Spitze des Katheters erstrecken, und das dritte und das vierte Lumen von dem proximalen 
Ende des Katheters zu Fixierungselementen verlaufen, die entlang dem Schaft des Katheters posttloniert sind, 
wobei ein Fixierungselement naher zur distalen Spitze des Katheters als das andere gelegen ist. 

Revendicatlons 

1 . Utilisation d'une composition physiologiquement acceptable comprenant de la fibrine, un monomfere de f ibrine ou 
du fibrinogene et un activateur de fibrinogfene, dans la fabrication d'un medicament ^ utiliser en faisant adh6rer 
une partie d'une region affaiss^e d'un poumon k une autre, au cours d'une procedure non chirurgicale de reduction 
de volume pulmonaire. 

2. Utilisation selon la revendicatlon 1 , dans laquelle la composition comprend 3-12% de fibrinogene. 

3. Utilisation selon la revendication 1 ou 2, dans laquelle la composition comprend 10% de fibrinogene. 

4. Utilisation selon la revendication 1 , dans laquelle la composition comprend de la fibrine ou un monom^re de fibrine. 

5. Utilisation selon la revendication 4, dans laquelle le monomere de fibrine est un monom^re de fibrine I, un mono- 
mere de fibrine II, un monomere de des BB-f ibrine, ou un melange ou une combinaison quelconque de ceux-ci. 

6. Utilisation selon I'une quelconque des revendicatlons prScedentes, dans laquelle la composition comprend en 
outre de I'acide hyaluronique (HA). 

7. Composition physiologiquement acceptable comprenant de la chondroltine sulfate (CS), de la fibronectine (Fn), 
de la poly-L-lysine, ou un peptide consistent en proline et hydroxyproline, et 

a. du fibrinogene, ou 

b. un monomere de fibrine, ou 

c. un activateur de fibrinogene. 
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8. Composition physio logiquement acceptable comprenant une substance vasoactive, et 

a. du fibrinog&ne, ou 

b. un mononn^re de fibrine, ou 
5 c. un activateur de fibrinogdne. 

9. Composition selon la revendication 8, dans laquelle la substance vasoactive est de rendoth6line, de r6pin6phrlne 

ou de la norepinephrine. 

10 10. Composition physiologiquement acceptable comprenant un agent pro-apoptotique, et 

a. du fibrlnogdne, ou 

b. un monom^re de fibrlne, ou 

c. un activateur de fibrinog&ne. 

15 

11. Composition selon la revendication 10, dans laquelle I'agent pro-apoptotique est de la sphlngomy6line, Bax, Bid, 
Bik, Bod, Bim, de la caspase-3, caspase-8, caspase-9 ou de Tannexine V. 

12. Composition selon I'une quelconque des revendlcations 7 & 11 comprenant 3-12% de fibrinogdne. 

20 

13. Composition selon Tune quelconque des revendlcations 7 6 12 comprenant 10% de fibrinog^ne. 

14. Composition selon I'une quelconque des revendlcations 7 & 11, dans laquelle le monom§re de fibrine est un mo- 
nomere de fibrine I, un monomerede fibrine II, un monomerede des BB-fibrine, ou un melange ou unecombinaison 

25 de ceux-ci. 

15. Composition selon I'une quelconque des revendlcations 7 d 11 , dans laquelle I'activateur de fibrinogdne est de la 
thrombi ne. 

30 16. Composition selon I'une quelconque des revendlcations 7^15, comprenant en plus un antibiotique. 

17. Composition selon Tune quelconque des revendlcations 7^16, comprenant en plus une transglutaminase, facteur 
Xllla. 

35 18. Composition selon I'une quelconque des revendlcations 7^17,^ utiliser pour r^dulre le volume pulmonaire chez 
un patient. 

19. Utilisation d*une composition selon Tune quelconque des revendlcations 7 17, dans la fabrication d'un m6dlca- 
ment pour r^duire le volume pulmonaire chez un patient. 

40 

20. Dispositif pour effectuer une reduction du volume pulmonaire, le dispositif comprenant un bronchoscope ayant un 
canal de fonctionnement et un catheter qui peut §tre insert dans )e canal de fonctionnement, oCi (e catheter com- 
prend un premier orifice ayant une extrdmitd proximate adapt6e pour connexion h une alimentation en gaz et en 
communication avec une lumifere interne qui se termine dans un ballonnet gonflable, et des deuxifeme ettroisi§me 

45 orifices, dont chacun a une extr6mlt6 proximale adapt6e pour connexion avec une source d'une mati6re et com- 

munique avec une lumi^re inteme qui se termine k une pointe distale ouverte du catheter. 

21. Dispositif selon la revendication 20, comprenant en outre un recipient de matidre ayant une plurality dechambres, 
les chambres du recipient pouvant §tre raccord^es aux lumieres du catheter. 

50 

22. Dispositif selon la revendication 21, dans lequel la matldre est une composition selon Tune quelconque des re- 
vendlcations 7 & 15. 

23. Dispositif selon la revendication 21 ou la revendication 22, dans lequel le catheter comprend deux lumieres et le 
S5 recipient comprend deux chambres. 

24. Dispositif selon I'une quelconque des revendlcations 20 k 23, comprenant en outre un injecteur. 
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25. Dispositif selon Tune quelconque des revendications 20 k 24, dans lequel le bronchoscope a une chambre de 
fonctionnement de taille et de fonme comparables h la taille et k la fonne du catheter. 

26. Syst^nne de catheter respiratoire, le systeme comprenant une gaine ext^rieure d^finissant fa preml&re lumldre, la 
s gaine exterieure englobant un membre de fixation pour piacer la gaine ext^rleure dans I'arbre bronchique, et une 

gaine int6rieure configur6e pour §tre re^ue de manl^re amovlble dans ia premiere Iumi6re, la gaine Int^rieure 6Xa\t 
definie par une paire de lumi^res, destinies chacune & recevoir I'un d'un premiere et d'un deuxl^me composants 
d'une colle. 

10 27. Systeme de catheter respiratoire, le systfeme comprenant une gaine d§finlssant quatre lumiferes, oD les premiere 
et deuxi^me lunni&res regoivent les prenr^ier et deuxi&nne composants d'une colle et s'6tendent de I'extr^mlt^ proxi- 
male du catheter Jusqu'd la pointe distale du catheter, et les troisl^me et quatridme lumi^res s'6tendent de I'extr^- 
m\X6 proximale du catheter jusqu'aux membres de fixation positionnds le long de la tige du catheter, un membre 
de fixation 6tant positionn6 plus pr&s de la pointe distale du catheter que I'autre. 

15 
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Figure 8a 
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Figure 9 



Fatigue Analysis of Fibrin Gel Preparations 
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Figure 10a 
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Figure 11 
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Figure 1 2a 




Figure 12b 



a»ep42SS n« vs tat GEn/c 



315 1 
3 

-.25 
I 2 

i ^-5 

05 
0 



10 2D 
np (on HK) 



39 



EP 1 206 276 B1 




40 



EP 1 206 276 B1 




